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REMARKS 

In this Amendment, Applicant has cancelled Claim 6 without prejudice or 
disclaimer, amended Claims 1 - 5 and 7-12 and added Claims 13 - 14 to specify 
different embodiments of the present invention and overcome the rejection. It is 
respectfully submitted that no new matter has been introduced by the amended and added 
claims. All claims are now present for examination and favorable reconsideration is 
respectfully requested in view of the preceding amendments and the following comments. 

REJECTIONS UNDER 35 U.S.C. § 101 : 

Claim 2 has been rejected under 35 U.S.C. § 101 as allegedly failing to define a 
patentable subject matter. 

It is respectfully submitted that in view of the currently presented amendments, 
the rejection has been overcome. More specifically, Claim 2 has been amended to a 
method claim including specific and positive step(s). 

Therefore, the rejection under 35 U.S.C. § 101 has been overcome. Accordingly, 
withdrawal of the rejections under 35 U.S.C. § 101 is respectfully requested. 

REJECTIONS UNDER 35 U.S.C. § 1 12 SECOND PARAGRAPH : 

Claims 1 - 12 have been rejected under 35 U.S.C. § 112, second paragraph, as 
allegedly being indefinite for failing to particularly point out and distinctly claim the 
subject matter which applicant regards as the invention. 

It is respectfully submitted that Claims 1 - 5 and 7-12 have been amended to 
clearly point out and define the embodiment of the present invention. More specifically, 
the various informalities pointed out by the Examiner has been corrected. 

Therefore, the rejection under 35 U.S.C. § 112, second paragraph, has been 
overcome. Accordingly, withdrawal of the rejections under 35 U.S.C. § 112, second 
paragraph, is respectfully requested. 
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REJECTIONS UNDER 35 U.S.C. § 103 : 

Claims 1-12 have been rejected under 35 U.S.C. § 103 as allegedly being 
unpatentable over WO/2000/044361 ('361) in view of Jatoi et al in further view of 
Casper, RC. Claims 1-12 have been rejected under 35 U.S.C. § 103 as allegedly being 
unpatentable over WO/2000/044361 ('361) in view of US 2002/0099020 ('020). 

Applicant traverses the rejection and respectfully submits that the embodiments of 
present-claimed invention as amended are not obvious over the cited references. At first, 
Claim 1 has been amended to define features that are significantly different from the cited 
references. According to MPEP 2143.03, to establish prima facie obviousness of a 
claimed invention, all the claim limitations must be taught or suggested by the prior art. 
In re Royka, 490 F.2d 981, 180 USPQ 580 (CCPA 1974). "All words in a claim must be 
considered in judging the patentability of that claim against the prior art." In re Wilson, 
424 F.2d 1382, 1385, 165 USPQ 494, 496 (CCPA 1970). 

'020 does not disclose the use of highly pure EPA in the treatment of anorexia 
nervosa (AN). On the contrary the document proposes the use of a variety of different 
omega-3 fatty acids, of no specific purity, ideally in combination with branched chain 
amino acids and antioxidants. The Casper paper talks about the fact that although the 
eating disorders are classified as psychiatric disorders there is no consensus about the 
nature of the underlying psychopathology. Casper also talks about the misnomer in that 
anorexia per se means loss of appetite and that is what is being talked about in the cancer 
patient of the Jatoi paper whereas anorexia nervosa is something different. Statements 
about "anorexia" or "weight loss" in general may not be directly teaching the treatment of 
AN. 

Jatoi on pages 501-2 discloses the use of fish oil supplements to treat cancer- 
associated anorexia. This fish oil is very different from the pure EPA (as demonstrated in 
the context of eg depression in Amarin's earlier case which is the other main prior art). 
Disease-associated anorexia is again different from AN - and by way of example 
Applicant has attached a paper and which mentions on page 70 in the introduction that 
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they are discussing anorexia occurring as a specific syndrome during acute and chronic 
disease but that Anorexia Nervosa is a specific syndrome within eating disorders and they 
do not discuss this. Applicant respectfully questions the extent to which the work 
referred to in Jatoi - which is studying the treatment of cancer patients with the fish oils is 
relevant to the treatment of AN. Casper on page 97 discusses in the passage bridging 
columns 1 and 2 that the "anorexia" in AN is a misnomer. He draws distinctions between 
depressives and AN sufferers. There are AN patients who are not depressed. 

On page 99 TREATMENT STUDIES', Casper mentions the disappointments in 
using antidepressants to treat AN, despite an 'expectation of benefit'. In his 
CONCLUSIONS on page 101 he talks about depression triggering AN and the two 
becoming intertwined, but the evidence teaches against a common abnormality. 
Applicant does not see clear teaching from the art therefore that the highly pure EPA of 
the earlier Amarin case would obviously give success in treating AN. 

It is respectfully submitted that there is much uncertainty about the link between 
AN and eg depression. The Examiner may have found one paper but there are others to 
say the opposite - for example the attached which shows that conventional anti- 
depressants don't work - or the Casper paper cited by the Examiner. Pages 2-3 of the 
present description conclude that 'there is no reason to believe on the basis of the prior art 
that AN might respond to EPA 1 . In contrast, the examples in the present description show 
significant changes in the patients taking EPA (95% pure - see example 2 on page 9 
lines 4-5). 

The inventors of the present application recognized that AN is a disorder in its 
own right, brought by physiological imbalances within a subject. They are not psychiatric 
disorders. In light of this recognition, the inventors were able to provide a novel and 
inventive solution to the problem of finding a non-expensive, easy to administer 
medication that acts directly on the physiological factors that cause AN. 

As the experimental data provided in the specification shows, the purity of the 
EPA is an essential feature of the present invention. '020 makes no reference to the purity 
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of any of the omega-fatty acids disclosed therein. The lack of any direct link between 
psychiatric and eating disorders is highlighted in documents D3 to D6 of the International 
Search Report. These papers consider similarities between the symptoms of eating 
disorders, such as AN and psychiatric disorders, such as depression and anxiety, but none 
of them research a clear conclusion over whether there is a physiological link between the 
two types of disorders. Even today, published papers fails to show a clear link between 
psychiatric disorders and eating disorders. We again refer the Examiner to the attached 
paper by Claudino A et al. (Treasure J. Cochrane Database Syst Rev. 2006 Jan 
25;(1):CD004365) and in particular to the Author's conclusion on page 16 of the paper. 
Despite comparing a number of studies into the effect of various antidepressions on 
patients suffering from AN, the authors could "not find evidence of efficacy of 
antidepressants in the acute phase of AN". 

Therefore, the rejection under 35 U.S.C. § 103 has been overcome. Accordingly, 
withdrawal of the rejections under 35 U.S.C. § 103 is respectfully requested. 

Having overcome all outstanding grounds of rejection, the application is now in 
condition for allowance, and prompt action toward that end is respectfully solicited. 

Respectfully submitted, 



Date: March 7, 2008 
(202) 638-6666 
400 Seventh Street, N.W. 
Washington, D.C. 20004 
Atty. Dkt. No.: P70482US0 

Enclosures: 

Claudino A et al. (Cochrane Database Syst Rev. 2006 Jan 5;(1):CD004365); and 
Plata-Salaman, Anorexia During Acute and Chronic Disease, The Int'l J. of 
Applied & Basic Nutritional Science, Vol. 12, No. 2, pp. 69-78. 
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Background 

Anorexia Nervosa (AN) is an illness characterised by extreme concern about 
body weight and shape, severe self-imposed weight loss, and endocrine 
dysfunction. In spite of its high mortality, morbidity and chronicity, there are 
few intervention studies on the subject. 

Objectives 

The aim of this review was to evaluate the efficacy and acceptability of 
antidepressant drugs in the treatment of acute AN. 

Search strategy 

The strategy comprised of database searches of the Cochrane Collaboration 
Depression, Anxiety and Neurosis Controlled Trials Register, MEDLINE 
(1966 to April 28th, 2005), EMBASE (1980 to week 36, 2004), PsycINFO 
(1969 to August week 5, 2004), handsearching the International Journal of 
Eating Disorders and searching the reference lists of all papers selected. 
Personal letters were sent to researchers in the field requesting information 
on unpublished or in-progress trials. 

Selection criteria 

All randomised controlled trials of antidepressant treatment for AN patients, 
as defined by the Diagnostic and Statistical Manual, fourth edition (DSM- 
IV) or similar international criteria, were selected. 

Data collection and analysis 

Quality ratings were made giving consideration to the strong relationship 
between allocation concealment and potential for bias in the results; studies 
V> meeting criteria A and B were included. Trials were excluded if non- 
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ABSTRACT 

Background 

Anorexia Nervosa (AN) is an illness characterised by extreme concern about body weight and shape, severe self-imposed weight loss, 
and endocrine dysfunction. In spite of its high mortality, morbidity and ch Tonicity, there are few intervention studies on the subject. 

Objectives 

The aim of this review was to evaluate the efficacy and acceptability of antidepressant drugs in the treatment of acute AN. 
Search strategy 

The strategy comprised of database searches of the Cochrane Collaboration Depression, Anxiety and Neurosis Controlled Trials Register, 
MEDLINE (1966 to April 28th, 2005), EM BASE (1980 to week 36. 2004), ftycINFO (1969 to August week 5, 2004), handscarching 
rhe International Journal of Eating Disorders and searching the reference lists of all papers selected. Personal letters were sent to 
researchers in the field requesting information on unpublished or in-progrcss trials. 

Selection criteria 

All randomised controlled trials of antidepressant treatment for AN patients, as defined by the Diagnostic and Statistical Manual, 
fourth edition (DSM-IV) or similar international criteria, were selected. 

Data collection and analysis 

Quality ratings were made giving consideration to the strong relationship between allocation concealment and potential for bias in the 
results; studies meeting criteria A and B were included. Trials were excluded if non-completion rates were above 50%. The standardised 
mean difference and relative risk were used for continuous data and dichotomous data comparisons, respectively. Whenever possible, 
analyses were performed according to in ten lion- to- treat principles. Heterogeneity was tested with the 1-squarcd statistic. Weight change 
was the primary outcome. Secondary outcomes were severity of caring disorder, depression and anxiety symptoms, and global clinical 
state. Acceptability of treatment was evaluated by considering non-completion rates. 

Main results 

Only seven studies were included. Major methodological limitations such as small trial sue and large confidence intervals decreased 
the power of the studies to detect differences between treatments, and meta-analysis of data was not possible for the majority of 
outcomes. Four placebo-controlled trials did not find evidence that antidepressants improved weight gain, caring disorder or associated 
psycho pathology. Isolated findings, favouring amincptine and nortriptyline, emerged from the antidepressant versus antidepressant 
comparisons, hut cannot be conceived as evidence of efficacy of a specific drug or class of antidepressant in light of the findings from 
the placebo comparisons. Non-completion rates were similar between the compared groups. 

Authors' conclusions 

A lack of quality information precludes us from drawing definite conclusions or recommendations on the use of antidepressants in 
acute AN. Future studies resting safer and more tolerable antidepressants in larger, well designed trials are needed to provide guidance 
for clinical practice. 
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PLAIN LANGUAGE SUMMARY 



Anorexia nervosa (AN) is an illness of high mortality ami chroniciry. There is currently no leading treatment for anorexia nervosa and 
multiple interventions are often used. Pharmacotherapy is so me limes used as an adjunct to other treatment. 

The aim of the present review was to evaluate the evidence from randomised controlled trials for the efficacy and acceptability of 
antidepressant treatment in acute AN. Seven small studies were identified; four placebo-controlled trials did not find evidence of efficacy 
of antidepressants in improving weight gain, eating disorder or associated symptoms, as well as differences in completion rates. Meta- 
analysis of data was not possible for most outcomes. However, major methodological limitations of these studies (e.g. insufficient power 
to detect differences) prevent from drawing definite conclusions or recommendations for antidepressant use in acute AN. Further 
studies testing safer antidepressants in larger and well designed trials arc needed to guide clinical practice. 



BACKGROUND 

Anorexia nervosa (AN) is an illness characterised by extreme con- 
cern about body weight, with serious disturbances in eating be- 
haviour leading to a self-imposed starvation state with severe 
weight loss. The current psychiatric classification manuals, Diag- 
nostic and Statistical Manual, fourth edition (DSM-JV-TR) (APA 
2000) and International Classification of Diseases, revision 10 
(1CD- 10) (WHO 1992), have based their criteria for AN diagno- 
sis on the following aspects: (a) refusal to maintain weight within 
the normal range for height and age; (b) fear of weight gain; (c) 
body image disturbance and (d) absence of menstrual cycles or 
amenorrhoea in women (and loss of sexual interest in men). Body 
image becomes the predominant measure of self- worth, with con- 
comitant denial of the seriousness of the illness. In DSM-IV-TR, 
two types of AN are described: the restricting type (in which the 
main feature is severe restriction of food intake and often excessive 
exercise), and the binge-purge type (in which patients regularly eat 
large amounts of food in a short period of time and/or engage in 
compensatory behaviours such as vomiting). As well as the impact 
on psychological wellbcing, AN has notable and sometimes fatal 
medical consequences from chc effects of starvation and purging 
behaviours. In particular, growth and development arc often de- 
layed when AN occurs in childhood or early adolescence (Wise- 
man 1998). 

Although AN is not a common condition in the population as 
a whole, its morbidity and mortality arc amongst the highest of 
all functional psychiatric disorders due to malnutrition, purging 
behaviour and suicide. In outcome reviews, a mean crude mortality 
rate of 5% (Steinhausen 2002; Sullivan 1995) and standardised 
mortality rates berween 1 .36% and 1 7.80% (indicating a slight to 
an almost 18-fold increase in mortality in patients with AN) have 
been reported (Nielsen 1998). AN affects mainly adolescent girls 
and young women and is up to ten times more common in women 
than in men- It has a point prevalence of no more than 0.5% 
within this group (Aalto-Setala 2001 ; Verhutsr 1997). A systematic 
review of 12 cumulative incidence studies reported an estimated 
mean yearly incidence in the general population of 18.5/100.000 
(standard deviation (SD) « 21.01) in women and 2.25/100.000 



(SD ^ 2.63) in men (Pawluck 1998). Increases in incidence of AN 
in young women over the second half of the 20rh century have 
been reported (Lucas 1991; Pawluck 1998). 

The aetiology of AN is thought to be multi-factorial (Jacobi 2004; 
Schmidt 2003; Collier 2004) and involves environmental factors 
(social and cultural factors), psychological and developmental as- 
pects, and biological/genetic vulnerabilities. As yet it is not known 
how these factors interact in the development of eating disorders. 
Great emphasis has been given to sociocultural explanations in 
the last decades, such as pressure to be slim, with slendcrness as 
a measure of beauty (Sticc 2002), and modernisation processes in 
cultures in transition associated with confused gender roles and 
identities (Nasser 2000). The advent of new biotechnologies (ncu- 
ro imaging, molecular biology) has led to a growing interest in 
putative biological components of the aetiology of eating disor- 
ders (Schmidt 2003), especially to the genetic contribution (Bulik 
2000; Wade 2000). 

U is known that AN and bulimia nervosa (BN) cluster in fam- 
ilies. One controlled family study found that female relatives of 
probands with AN or BN had, respectively, approximately eleven- 
fold and twelve-fold greater lifetime risks of full syndrome AN 
than relatives of unaffected controls (Strobcr 2000), suggesting a 
common or shared familial diathesis for earing disorders. Popu- 
lation-based twin studies have estimated mean heritabiliries for 
a broad anorexia-like phenotype of 58% to 74% (Wade 2000; 
Klump 2001; Korrcgaard 2001). The low prevalence of the dis- 
order, low sample sizes and many common methodological prob- 
lems of the studies make if hard to produce more precise estimates 
of genetic effects in the aetiology of AN. 

The findings of common association (comorbidity) of eating dis- 
orders and certain psychiatric symptoms and disorders have led to 
the hypothesis that a predisposition to a particular personality type, 
to affective, anxiety or obsessive-compulsive disorder (OCD), or 
a physiological vulnerability may all play a role in the genetic con- 
tribution to the aetiology of AN (Klump 2001). Family and twin 
studies have found that there arc shared as well as unique generic in- 
fluences on major depression and AN (Wade 2000; St robe r 2000). 
In one controlled family study (Lilcnfcld 1998) there was an in- 
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creased risk of obsessive-compulsive personality disorder (OCPD) 
in relatives of AN probands and the rate of OCPD was similar in 
(he relatives, whether or not the person with anorexia nervosa was 
co morbid for OCPD. This suggests linked transmission for AN 
and OCPD. 

From the developmental perspective, features that precede the on- 
set of the earing disorder and arc present in childhood, such as 
traits reflecting obsessive-compulsive personality (perfectionism, 
rigidity, harm-avoidance, obsession with symmetry, negative af- 
fect and over-control), can act as risk factors for developing eating 
disorders and represent markers for a broader phenotype of a sub- 
group of AN patients possibly associated with serotonergic dys- 
function (PRCC 2001; Andcrluh 2003; Con nan 2003a; Stciger 
2004). One recent systematic review classified risk factors for both 
anorexia nervosa and bulimia nervosa according to their potency 
and specificity (Jacobi 2004). The only two high potency risk fac- 
tors for AN were being female and exercising before onset. Feed- 
ing difficulties, gastrointestinal problems, problems with sleeping 
and over involved parenting were medium potency risk factors for 
AN, as were childhood perfectionism, obsessive-compulsive per- 
sonality disorder and negative evaluation of self. Preterm birth, 
perinatal complications and birth trauma were specific risk factors 
for AN, as were OCD, perfectionism and negative self-evaluation. 

An increasing number of molecular genetics studies in eating dis- 
orders have focused on candidate genes that could be involved 
in neurotransmitter pathways regulating behaviour or implicated 
in the control of weight, feeding and energy expenditure (Gor- 
wood 1998). Studies have targeted mainly serotonin-linked genes 
(Collier 1997; Enoch 1998; Kayc 2001a; Devlin 2002) based on 
the involvement of the serotonin system in the control of appetite 
and satiety, and its possible association with some of the person- 
ality traits underlying restrict ing-type AN. Other genes, such as 
the bra in -de rived neurotrophic factor gene have also been studied 
and found to be associated with susceptibility to eating disorders, 
possibly through its involvement in affective symptoms (Rj bases 
2004). 

With regard to the neurobiological contribution to the de- 
velopment of eating disorders, many questions remain unan- 
swered. A number of abnormalities in neurotransmitters (sero- 
tonin, dopamine, norepinephrine), neuropeptides and neuroen- 
docrine hormones have been described in AN during the acute 
phase of the illness (Kayc 1998; Con nan 2003b), most of them 
considered to be changes due to the starvation state and to the 
pathological eating behaviours {Gcndall 1999; Manrzoros 1997; 
Con nan 2003b), but others also seeming to persist after weight 
restoration (Kaye 1998; Kayc 1999a). Perceptions of hunger and 
satiety seem to reflect the complex integration of cognitive sets 
and internal physiology. Energy intake is clearly reduced in AN, 
but it is controversial whether appetite is affected: a tight cognitive 
conrrol of normal appetite has been suggested for some (Palmer 
2000) while others consider appetite to be impaired (Pinel 2000). 



Research on changes in neurotransmitter systems is of consider- 
able interest, not only because of their potential role in the patho- 
physiology of eating disorders, but for improving pharmacologi- 
cal approaches in the treatment of these disorders. Brain neuro- 
transmitters play an important role in the modulation of appetite 
behaviours, post- prandial satiety, neuroendocrine function, mood 
and many behaviours associated with AN. Attempts have been 
made to identify putative predisposing factors rhat cither pre-date 
the weight loss or that may have a predisposition to recurrence 
or maintenance of low-wcighr. Functional activity of central sero- 
tonin systems has been found to be diminished during low-weight, 
but may be abnormally increased in long-term weight- recovered 
AN patients (Kayc 1991a; Kaye 1998), leading to the hypothesis 
that some individuals who develop AN possibly had high levels 
of serotonin activity "before the onset of the illness" , i.e. a brain 
serotonergic dysfunction that might contribute to the pathophysi- 
ology of AN. However, it cannot be ruled out that decreased levels 
of cerebrospinal fluid 5-hydroxyiodolcacctic acid (CSF 5-HIAA) 
in acute AN patients arc related to reduced intake of tryptophan 
and increased levels of CSF 5-H1AA arc a physiological conse- 
quence of chronic malnutrition (de Zwann 2003b). Additional 
findings of reduced noradrenergic and dopaminergic activity have 
been described in ill AN patients (Kaye 1984; Pirke 1996) with 
persistent low levels of CSF homovanillic acid (HVA) reported in 
the subgroup of rcstricting-typc AN after recovery and also hy- 
podiesiscd as another trait-related vulnerability related to altered 
reward, novelty seeking and motor activity (Kaye 1999a). 

Moreover, enhanced satiety has been proposed to be associated 
with elevated cholecystokinin (CCK) release in AN, and tends to 
normalise with weight gain, but can be reduced by the seroton- 
ergic dysfunction (Stallone 1989). Mantzoros 1997 found leptin 
levels to be lowered in acute AN, but the CSF to plasma ratio was 
higher in patients compared to controls; at post- treatment, how- 
ever, both leptin levels normalised even before weight was fully 
restored, possibly "contributing to resistance to weight gain and 
to incomplete weight recovery", according to the authors. Addi- 
tional findings of altered response of Cortisol and insulin to a meal 
following recovery may represent sequelae of AN or a vulnera- 
bility factor for rhe disorder. Hypothalamic function seems to be 
more implicated in the appetite imbalance than peripheral signals 
of energy homeostasis, with an aberrant response to chronic stress 
(demonsrrated by persistent elevated corticotropin- releasing hor- 
mone (CRH)) being a possible pathophysiological factor in AN 
(Connan 2003b). 

Structural neuroim aging studies in AN have also reported al- 
terations, such as increased cerebrospinal fluid and ventricles, 
and decreased brain rissue, most of which are apparently linked 
to endocrine and metabolic consequences of starvation and are 
reversible with weight restoration (Kauman 2003; de Zwann 
2003b). However, some recent evidence that emerged from func- 
tional ncuroimaging studies in patients with early-onset AN raised 
the possibility of a predisposing biological substrate involved in 
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the pathogenesis of AN for sonic patients. Results from these stud- 
ies suggest temporal lobe abnormality (Gordon 1997; Lask 2005) 
and limbic system dysfunction (Chowdhury 2003; Lask 2005). 
Lask 2005 found that unilateral reduction of blood flow in the 
temporal region was associated with impaired cognitive function, 
such as impaired visuospatial ability, impaired visual memory and 
enhanced information processing. The authors considered that 
the "hypoperfusion could be a primary phenomenon or a result 
of starvation that either reversed slowly or was irreversible". 

Treatment goals in AN include stabilisation of medical and nutri- 
tional status (restoration of weight and normal menstrual cycles), 
re-establishment of healthy patterns of eating (including cessation 
of restriction and purging), improvement of body image and ame- 
lioration of the morbid pre-occupation with weight and shape. 
Non-specific aims of the treatment include improvement in func- 
tioning and quality of life. The treatment of AN is frequently long- 
term and challenging. Prognostic studies have shown that AN is 
often a chronic illness, with only half of the patients achieving full 
recovery in long-term follow-up studies (Hsu 1986; Stein hauscn 
2002). Currently, recommended treatments for AN rely on a mul- 
tidisciplinary approach, due to the multidimensional nature of the 
illness (A PA 2000; NCCMH 2004), but there is limited empirical 
support for the range of treatments used (Fairburn 2005; Agras 
2004). Patients can be treated in an inpatient or outpatient/day 
care setting depending on their clinical and psychiatric condition. 
Because of the severe and potentially irreversible effects of starva- 
tion, restoration of weight is considered an important initial treat- 
ment focus. Combinations of individual and family psychothcra- 
pies, nutritional rehabilitation and pharmacotherapy are usual. 

The rationale for pharmacological treatment of AN is based on 
neurobiological research into the control of appetite and food in- 
take, and on biological models of AN as discussed earlier (Connan 
2003b; de Zwann 2003b; Kaye 1991a) on clinical observations 
and uncontrolled studies (Dc Zwann 2003a). Pharmacotherapy 
is a frequent adjunctive intervention. Different classes of drugs 
(e.g. neuroleptic medication or cyproheptadine, a weight-inducing 
drug) have been tried with the aim of reducing the core symptoms 
of AN and associated psychopaihology (Bosanac 2005), or to stim- 
ulate appetite (Halmi 1986), but there is little current evidence 
of their efficacy or effectiveness (Treasure 2004). Por that reason, 
recent mental health guidelines (APA 2000; NCCMH 2004) do 
not recommend medications as first-line treatment for AN. 

Antidepressants are the first-line agents for treatment of depres- 
sion, obsessive-compulsive disorder and bulimia nervosa (Ged- 
des 2002; Soomro 2002; Rnebcrg 2004; Bacaltchuk 2005). Re- 
searchers have attempted to link these disorders to eating disor- 
ders based on their common underlying neurobiological abnor- 
malities in catecholamine metabolism, especially the serotonergic 
dysfunction (Jimcrson 1990; Kaye 1991a; Chamberlain 2005), 
on findings of frequent comorbidity (Braun 1994), their shared 
genetic risk and personality traits (Lilcnfcld 1998; Wade 2000; 



Strobcr 2000; Andcrluh 2003; Stciger 2004; Graybicl 2005). Ad- 
ditionally, many patients with AN also suffer from symptoms that 
are commonly targeted with antidepressants, such as depressive 
symptoms (e.g. low mood, loss of interest, social isolation) and 
obsessive-compulsive symptoms (related to eating/food and other 
behaviour) (Mayer 1998). Finally, antidepressant drugs have also 
been considered of interest in the treatment of AN due to their 
weight gain inducing properties (as a side effect), especially the 
tricyclics (Fcmstrom 1995). 

De Zwann 2003a reviewed studies on drug treatment of AN and 
found some evidence from uncontrolled studies that antidepres- 
sants could help in weight gain (Gwirtsman 1990; Pallanti 1997; 
Frank 2001a). They noted, however, that confounding variables 
(e.g. other adjunctive treatments) limited the confidence in the 
findings. Non-randomised trials comparing selective serotonin re- 
uptake inhibitor (SSRI) treatment (combined to other interven- 
tions) to no drug treatment report mixed results (Strobcr 1999; 
Ferguson 1999; Santonastaso 2001; Ruggicro 2003). For exam- 
ple, Ruggiero 2003 found a significantly higher weight gain in AN 
outpatients treated with nutritional management and fluoxetine 
compared to patients treated only with nutritional management. 
In contrast, Strobcr 1999 did not find any advantage of adding 
fluoxetine to inpatient treatment in terms of weight gain or AN 
symptoms compared to matched historical controls, who received 
the same interventions without adjunctive pharmacotherapy. Ran- 
domised controlled trials testing antidepressant drugs are consid- 
ered a better level of evidence in treatment studies, but unfortu- 
nately arc scarce in AN (Treasure 2004). 

The aim of this systematic review was to evaluate the efficacy and 
acceptability of antidepressant drugs for the treatment of acute 
AN. Data from several studies in meta-analysis might help increase 
the knowledge of the clTccts of these drugs. 



OBJECTIVES 

The primary objective of this review was to determine the clinical 
efficacy and acceptability of antidepressants when compared to 
placebo in patients with anorexia nervosa (acute phase). 

Secondary objectives were: 

(i) to investigate the efficacy and acceptability of different classes 
of antidepressant drugs; 

(ii) to evaluate the efficacy of antidepressants with respect to gen- 
eral psychiatric symptoms usually associated with anorexia nervosa 
and global clinical improvement. 
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CRITERIA FOR CONSIDERING 
STUDIES FOR THIS REVIEW 

Types of studies 

Randomised com rolled trials (RC Is). 
Types of participants 

Patients diagnosed with anorexia nervosa by any criteria such as 
Russell's, ICD-9 or ICD-10, DSM-III. DSM-III-R or DSM-IV 
(including both subtypes) or by "clinical judgement", independent 
of gender or age. 

Types of intervention 

RCTs lasting at least four weeks and comparing any antidepressant 
drug to: 

(i) placebo; 

(ii) other antidepressant drug. 

Treatment could be conducted on an out or inpatient basis {pri- 
mary, secondary or tertiary sectors), as monotherapy, or as adjunc- 
tive therapy to other non -pharmacological treatment. 

Types of outcome measures 
Primary outcome measures 

1. Efficacy at the end of treatment, measured through weight gain 
or weight restoration as follows: 

(a) end-of- treatment mean absolute weight or body mass index 
(BMI) {where groups were not significantly different in mean 
weight/ BMI at start of treatment); 

(b) number of patients achieving target weight or weight within 
a normal range (e.g. BMI >18 or weight >85% of average for 
age, gender and height; data were entered in tables as number or 
patients not achieving target weight); 

(c) mean rate of weight gain; 

(d) number of days to achieve ideal weight; 

(e) any other consistent measure of change in weight. 

Secondary outcome measures 

1 . Efficacy at the end of treatment, through the following outcome 
measures: 

(a) eating disorder symptoms: measured by mean scores on any 
recognised and validated eating disorder questionnaire or inter- 
view e.g. Eating Attitudes Test (EAT), Eating Disorders inven- 
tory (EDI), Bulimic Investigatory Test Edinburgh (BITE), Yale- 
Brown-Corncll Eating Disorder Scale (Y- Brown-Cornell EDS); 

(b) recovery evaluated through scales such as: 

(i) Morgan and Russell (Morgan 1975) narrow criteria of: 

1. good outcome, namely normal body weight (>85% of average 
for age, gender and height) with normal menstruation 

2. intermediate outcome, namely normal body weight (>85% of 
average for age, gender and height) with no menstruation 



3. poor outcome, neither obtaining normal menses or weight 

(ii) Morgan and Russell (Morgan 1 988) broader criteria for average 
outcome; 

(c) level of depression symptoms: as measured by mean scores on 
any recognised and validated depressive rating scale e.g. Hamil- 
ton Depression Rating Scale (HDRS), Beck Depression Inven- 
tory (BDI), Schedule for Affective Disorders and Schizophrenia - 
Change (SADS -C); 

(d) level of anxiety symptoms (including obsessive-compulsive 
ones): as measured by mean scores on any recognised and validated 
obsessive-compulsive rating scale e.g. Hamilton Depression Anx- 
iety Scale (HDAS), Hopkins Symptom Checklist (HSCL), Yale- 
Brown Obsessive Compulsive Scale (Y-BOCS); 

(c) clinical improvement: as measured by any scale (e.g. Clinical 
Global Impression (CGI) - score of "much improved" or "im- 
proved" (dichotomous) or mean scores; Global Severity Scale and 
Global Improvement Scale ratings - categories of improvement 
(dichotomous). 

2. Acceptability of the treatment measured by: 

(a) proportion of non-completers (drop-outs) due to any reason 
or post-randomisaiion exclusions; 

(b) proportion of non-completers due to adverse effects; 

(c) number of subjects reporting side effects. 

SEARCH METHODS FOR 
IDENTIFICATION OF STUDIES 

Sec: Depression, Anxiety and Neurosis Group methods used in 
reviews. 

Electronic searches: 

The Cochrane Depression, Anxiety and Neurosis Review Group 
Register (CCDANCTR-Studics) were searched using the follow- 
ing terms: 

Diagnosis - "Anorexia Nervosa" or "Eating Disorders" 
and 

Intervention = "Antidcprcssivc Agents" or "Monoamine Oxidase 
Inhibitors" or "Selective Serotonin Reuptake Inhibitors" or "Tri- 
cyclic Drugs" or Ace ty lea rni tine or Alaproclatc or Amerscrgide 
or Amifiaminc or Amincptinc or Amisulpride or Amitriptyline 
or Amoxapinc or Bcfloxatonc or Bcnactyzinc or Brofarominc or 
Bupropion or Butriptylinc or Caroxa/one or Chlorpoxitcn or 
Cilosaminc or Cimoxatone or Citalopram or Clomipramine or 
Clorgylinc or Clorimipraminc or Clovoxaminc or Deanol or Dc- 
mexiptilinc or Dcprenyl or Dcsipramine or Dibcnzipin or Di- 
clofcnsinc or Dothicpm or Doxcpin or Duloxctinc or Etopcri- 
done or Fcmoxctinc or Fluotraccn or Fluoxetine or Fluparoxan or 
Fluvoxaminc or lda/oxan or Jmipraminc or Iprindole or Iproni- 
a/.id or isocarboxa/id or Utoxctinc or Lofcpramine or Maprotiline 
or Mcdifoxamine or Mclirracen or Mctapramine or Mianserin or 
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Milnacipran or Minaprine or Mirra'/apinc or Moclobcmide or Ne- 
lazodone or Nialamide or Nomifensine or Nortriptyline or Noxip- 
tiline or Opipramol or Oxaflozanc or Oxaproiilinc or Pargylinc or 
Paroxetine or Phenelzine or Piribcdil or Pirlinclole or Pivagabinc 
or Prosulpridc or Protripryline or Qui n up ra mine or Rcboxctine or 
Rolipram or Sertraline or Seriptilinc or Sulpiride or Teniloxine or 
Tctrindolc or Thiazcsim or Thozalinone or Tianepiinc orTolox- 
atone or Tomoxctine or Tranylcypromine or Trazodone or Trim- 
ipramine or Venlafaxine or Viloxazine or Viqualtne or Zimeldinc 

In order to test the sensitivity of the CCDAN database, searches 
were also performed in the following databases, using the stan- 
dard search phrase for controlled clinical trials (Dickcrsin 1994), 
associated to the previous anorexia and antidepressants phrases: 
MKDUNE (1966 to April 28th, 2005), EM BASE (1980 to week 
36, 2004), PsycINFO (1969 to August week 5, 2004). 

Social Sciences and the Science Citation Index were searched for 
all selected papers. 

The searches were conducted with the assistance of the Depression, 
Anxiety and Neurosis Cochrane Group. 

Handscarchcs: 

The International Journal of Eating Disorders since its first issue. 
The reference lists of relevant articles and book chapters on treat- 
mentor pharmacological t reatment of AN were searched. 

Persona! communication: 

Personal letters to experts in the area of anorexia nervosa treatment 
in the US, UK, Europe, NZ and Australia were sent requesting 
information for unpublished or ongoing trials. 

METHODS OF THE REVIEW 

Selection of trials 

The first author (AMC) selected the articles that met criteria for 
this systematic review by scrutinising abstracts ofall rhc papers that 
came out of the searches and that met the criteria for inclusion. 

Quality assessment 

Two reviewers (AMC and JB) independently assessed the method- 
ological quality of the included studies giving consideration to the 
strong relationship between quality of allocation concealment and 
potential for bias in rhc results, using the following criteria (based 
on the guidelines proposed by Mulrow 1999): 

A. Low risk of bias (adequate allocation concealment): i.e. patients 
were randomised by researchers who were not responsible for re- 
cruiting participants, and precautions were taken to prevent ma- 
nipulation of randomisation codes (for example using numbered 
or coded bottles and serially numbered, scaled, opaque envelopes). 

B. Moderate risk of bias (some doubt about the results): i.e. when 
trials do not report any concealment approach, but state that pa- 
tients were randomly allocated. 



C. High risk of bias (inadequate allocation concealment): i.e. in- 
adequate approaches to concealment allocation, such as alterna- 
tion, reference to case record numbers, dates of birth, day of the 
week or any allocation procedure that is entirely transparent before 
assignment, such as an open list of random numbers. 

Trials were included if they met criteria A or IV 

Because of the rarity of trials in this area and methodological prob- 
lems associated with conducting trials in AN, trials were only ex- 
cluded if the non- completion rates were >50%. 

A further quality assessment was also performed using the 23 item 
criteria from the Cochrane Collaboration Depression, Anxiety and 
Neurosis Group Quality Rating Scale (QRS) (Moncricff 2001). 
The QRS consists of 23 items, including items on sample size, 
allocation, use of diagnostic criteria, compliance, attrition and 
statistical analysis. Total scores can range from 0-46. Exclusions of 
trials were not made based on these criteria. 

In addition, a criterion evaluating "information on baseline nutri- 
tional status" was also cvaluarcd as this was considered an impor- 
tant issue for this review. 

Data extraction 

Two reviewers (AMC, JB) independently extracted the data using 
a standardised data extraction sheet in order to ensure reliability. 
Any disagreement was discussed and the decisions documented. 
Authorship was not concealed at the point of data collection. 

Rrsr authors of the studies were contacted through letters and 
emails to ask for information about the methodology used (for 
quality evaluation) or results that were not available in the pub- 
lished trial(s). In cases where there was no reply after four weeks, 
only published data were considered. All additional information 
obtained were included in the review. Data from unpublished tri- 
als were not included. 

Analysis 

Data were entered into Review Manager (RcvMan) 4.2.6 software 
for analysis. 

) . Dichotomous data: 

Relative risk (RR) analyses were conducted for dichotomous out- 
come data (RR was preferred to the odds ratio as it is a more con- 
servative statistic and appropriate where the outcome is not a rare 
event). Whenever possible, analyses were performed according to 
intcntion-io-rrcat (ITT) principles (e.g. number of improved pa- 
tients out of the number of patients randomised to experimental 
and control groups). If no information was available (cither from 
the report or from the authors) for dichotomous missing data, as- 
sumptions were made based on the worst result for the outcome (a 
negative outcome), such as "patient did not achieve target weight 
or weight within normal range", "drop-out was due to sidc-cfFccts 
or treatment failure". 

2. Continuous data: 

6 
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Standardised mean difference (SMD) analyses were conducted for 
continuous outcome data. The SMD was chosen as difle rent scales 
are often used to assess psychopathology. Continuous data were 
analysed as provided by authors in original studies, i.e. endpoint 
scores for groups or change in scores from baseline to endpoint. 
The method adopted by authors for analysing continuous out- 
comes was described when provided (for instance, last observation 
carried forward (LOO : )), as they could vary and have implications 
for the assessment of the results. Data on the number of patients 
evaluated for each variable at the end of treatment were presented 
when available. 

95% confidence intervals (CI) were reported for both dichoto- 
mous (RR) and continuous (SMD) variables, based on the random 
effects model (DcrSimonian 1986), as this takes into account any 
differences between studies even if heterogeneity is not statistically 
significant. 

3- Heterogeneity: 

1 -squared tests (I 2 ) for homogeneity were done. I 2 rest describes 
the percentage of total variation across studies that is due to het- 
erogeneity rather than chance alone, and a value grearcr than 50% 
is considered substantial heterogeneity (Higgins 2003). If signifi- 
cant heterogeneity was found (through graphical inspection or by 
I 2 tests), trials contributing most to heterogeneity were removed 
hi sensitivity analyses and reasons for heterogeneity discussed. 

A. Sensitivity analyses: 

Sensitivity analyses were planned as follows: 

(i) where diagnosis of AN was not defined according to rigorous 
criteria (DSM, I CD) but through other forms of evaluation (e.g, 
described as "clinical"); 

(ii) if completion rates of less than 70% were obtained in any arm 
of the trial (post hoc sub-group analysis); 

(iii) to test if assumptions made from reviewers based on "intention 
to treat principles" caused any substantial change in results; 

(iv) if heterogeneity among studies was found (to verify which 
uials were contributing most to heterogeneity). 

5. Addressing publication bias: 

Wherever the number of trials allowed, funnel plots were planned 
to be done to ^&scss the possibility of publication bias. 

6. Subgroup analyses: 

Two subgroup analyses were planned to compare: 

(i) efficacy across different classes of antidepressants; 

(ii) efficacy across setting of treatment (in or outpatient treatment). 

DESCRIPTION OF STUDIES 

1. Search 

A total of 1303 citations, including papers and abstracts, on an- 
tidepressants for patients with anorexia nervosa or eating disorders 



were identified from the searches (based on strategies described in 
the Search Strategy section): 

21 1 from MEDLINE (1966 until April 28, 2005) 

593 from EM BASE (1980 until end of week 36, 2004) 

175 from psycINFO (1969 until end of August, 2004) 

04 from the International Journal of Eating Disorders (from the 

first issue up to March 2005 issue) 

18 from CCDANCTR (until Feb 14, 2005) 

302 from SOCIAL SCIENCES (from 1956 to April 28th 2005) 

and SCIENCE CITATION INDEX (from 1945 to April 28th 

2005) of articles included in the review. 

One hundred and sixty four citations were selected for examina- 
tion of abstracts. From these, 40 studies were fully examined. Seven 
trials fulfilled the inclusion criteria and 33 studies were excluded 
(sec table of excluded studies for details). No ongoing or unpub- 
lished RCT related to the objectives of this review was identified 
in searches in Current Contents database or from experts in the 
field. 

Funnel plots to verify possible publication biases were not con- 
ducted as the paucity of trials did nor allow this. 

2. Excluded studies 

Studies excluded from the searches were mainly review articles on 
pharmacological treatment of eating disorders, trials of treatment 
of other eating disorders, bulimia nervosa and binge-eating disor- 
der, or drug trials of other psychiatric disorders (e.g. depression). 

Within the selected articles (number (N) - 40), seven studies ful- 
filled inclusion criteria and 33 studies did not (sec table of excluded 
studies for details). Thirteen of the excluded studies were RCTs: 
three tested other drug classes ('/.inc, lithium carbohidratc, pi- 
rn oxide) in AN; 

one tested additional nutritional supplements to fluoxetine in AN; 
three evaluated aspects in AN patients receiving antidepressant 
treatment that were not pertinent to the questions of this review; 
one tested a non-pharmacological intervention for AN; 
one tested citalopram versus a no-drug control group in AN; 
two (Halmi 1982; Halmi 1983) were partial data of one of the 
included studies (Halmi 1986), and 
two were relapse prevention studies in AN- 

The remaining excluded studies were not randomised trials (N = 
20): 

one study was a quasi -randomised comparison of vcnlafaxinc ver- 
sus fluoxetine in atypical AN patients; 

rwo were non-randomised, open controlled trials: one tested ad- 
junct fluoxetine to nutritional management versus nutritional 
management only (control group) and the other tested adjunctive 
sertraline to cognitive behaviour therapy (CRT) and nutritional 
counselling versus CBT and nutritional counselling only (control 
group); 

one was a no n -randomised, open label trial of drug treatments 
(lithium, carbamay.cpinc, antidepressants) in AN; 
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one was an open label trial of fluoxetine compared 10 a matched 
historic control group; 

five were retrospective observational studies; 
two studies evaluated relapse prevention in AN; 
four were uncontrolled open trials in AN; 

one was a single- case study of interaction of antidepressant to 
psychotherapy and 

three were case reports of drug treatment in AN. 

Comparisons of pharmacological therapy (including antidepres- 
sant drugs) with individual psycho therapy, or combination of 
pharmacological therapy and individual psychotherapy versus ci- 
ther drug therapy or psychotherapy alone have been included in 
another systematic review - "Individual psychotherapy in the out- 
patient treatment of adults with anorexia nervosa" (Hay 2003). 

3. Included studies 

Seven published studies were selected for inclusion in this review: 
four of them compared antidepressants to placebo (Uacey 1980; 
Bicdennan 1985; Halmi 1986; Attia 1998) and three compared 
antidepressant drugs (Brambilla 1995a; Brambilla 1995b; Rug- 
giero 2001). 

One author replied to the letters and gave information concerning 
two studies (Brambilla 1995a; Brambilla 1995b). Two other au- 
thors also replied to the letters but did not have additional infor- 
mation over and above what was published in the articles (Halmi 
1986; Bicdcrman 1985). 

Summary of the characteristics of the included studies 
Size of the samples 

The size of samples ranged from 16 ro 48 patients in the placebo 
controlled trials and from 13 to 35 patients in the antidepressants 
comparisons trials, Halmi 1986 had the biggest sample of the 
studies included (23 drug arm by 25 placebo) and Brambilla 1 995b 
the smallest group sizes (6 fluoxetine by 7 ami ncp tine). 

Setting 

Most of the placebo controlled studies involved only inpatient 
treatment (three of four studies); one trial (Biederman 1985) 
involved mainly inpatients (20/25) and only five subjects were 
treated as outpatients. Of the comparisons between antidepres- 
sants, two RCTs studied outpatients (Brambilla 1995a; Brambilla 
1995b) and the other was conducted with inpatients (Ruggiero 
2001). Two of the RCTs were multi-centre studies (Biederman 
)985; Halmi 1986). 

Duration of trials 

The planned duration of the trials ranged from five weeks (Bieder- 
man 1985) to four months (Brambilla 1995a; Brambilla 1995b). 
All studies (except Laccy 1980) did not have follow-up periods. 

Participants 

A total of 1 78 patients were randomised in total, 1 20 in the placebo 
controlled trials and 58 in the antidepressants comparisons' trials. 



All trials but one (btccy 1980) used operational criteria for diag- 
nosis (mainly DSM-1II, DSM-IIIR or DSM-IV). Lacey 1980 did 
not provide criteria for diagnosis of AN but stated that patients 
were "admitted to anorectic unit at Atkinsons Morlcy Hospital". 
Three studies included both types of AN patients (Laccy 1980; 
Halmi 1986; Atria 1998), two included only restrictive type AN 
(Brambilla 1995a; Ruggiero 2001), one included only bulimic/ 
purging type AN (Brambilla 1 995b) and the last one did not spec- 
ify type of AN (Biederman 1985). Two trials did not report gender 
and the rest involved only females. Patients were mainly young 
adults with mean ages between 20 and 30 years in six studies, and 
only one study presented a younger group of patients of mean 
age around 17 years (Biederman 1985). Duration of illness varied 
among studies with means that ranged from around two years to 
eight years in six studies (which provided that information), in- 
cluding patients with a duration of illness that as brief as three 
months or as long as 14 years. 

Interventions 

In all studies the drug was added to other kinds of interven- 
tions (psychothcrapics, nutritional therapy), including intensive 
re-feeding programmes for hospitalised patients. 

Low to modest doses of drugs were used in four trials (Laccy 1 980; 
Bicdcrman 1985; Halmi 1986; Ruggiero 200J) while the other 
studies used higher doses (e.g. fluoxetine 60mg in Attia 1998; 
Brambilla !995a; Brambilla 1995b). 

Outcomes 

All studies provided data concerning the primary outcome weight 
gain (with varied types of measure) and all (except Lacey 1980) 
also evaluated eating disorders and/or general psychopathology. 

Specific information concerning the main characteristics of each 
study is provided in the Table of Included Studies. 

METHODOLOGICAL QUALITY 

As there were so few trials, the levels of agreement on quality 
of trials and data extraction were not tested statistically. All data 
related to quality ratings and outcomes were extracted by two 
reviewers, who then reached consensus on final ratings. 

The reviewers added the criteria "information on baseline nutri- 
tional status** to the CCDAN quality-criteria items, as this was 
considered an important issue for this review. 

Randomisation 

All studies were described as randomised but no details about the 
concealment of allocation were given in any of the articles. Thus 
there was uncertainty about whether allocation was adequately 
concealed; for that reason five studies were graded as "B* (At- 
tia 1998; Halmi 1986; Bicdcrman 1985; Lacey 1980; Ruggiero 
2001). One author (Brambilla 1995a; Brambilla 1995b) answered 
queries and reported that randomisation codes were protected by 
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scaled opaque envelopes; these rwo studies were therefore graded 
as "A". 

Blinding and test of integrity 

All four placebo controlled studies were double-blind, but no study 
reported testing the integrity of blindness. One of the studies com- 
paring different antidepressants (Ruggicro 2001) was single-blind 
(outcome assessor) but no test of the integrity was reported, and 
the two remaining trials in this group (Brambilla 1995a; Brambilla 
1995b) were open label. 

Objectives and main outcome 

Three studies provided clear objectives (Atria 1998; Bicdcrman 
1985; Ruggicro 2001); three objectives were clear but the main 
outcomes were not specified a priori (Brambilla 1995a; Brambilla 
1995b; Halmi 1986) and in one early study the objectives were 
unclear (Lacey 1980). 

Sample size per group 

All studies involved less than 50 patients per group. Indeed in 
all, fewer than 50 patients were randomised {considering only the 
arms used for comparisons of this review); thus overall sample sizes 
were small. 

Planned duration of trial and follow-up 

Four studies (Attia 1998; Bicdcrman 1985; Halmi 1986; Rug- 
gicro 2001 ) were planned ro be of short duration (maximum three 
months), with no follow-up period. One trial did not report a 
planned duration (duration variable, maximum time not estab- 
lished), and its mean duration was around 1 0 weeks (Lacey 1 980); 
nevertheless this is the only trial chat presented follow-up data 
(partial) at one year and at four years. Brambillas trials (Bram- 
billa 1995a; Brambilla 1995b) had a moderate duration of lour 
months. 

Power calculation 

The only trial that mentioned conducting a power calculation, 
albeit without giving details on (his, was Attia ! 998; all the others 
did not report a power calculation. 

Description of treatment 

All studies presented derails of drug treatment and adjunctive treat- 
ments. 

Source of subjects 

Most studies described the source of subjects and representative 
samples were taken. Ruggicro 200 1 excluded patients younger than 
17 years old. 

Diagnostic criteria 

All trials used diagnostic criteria and/or inclusion criteria (mainly 
DSM-III. DSM-IIIR or DSM-JV) except for one trial (Lacey 
1980) in which patients were "admissions to a specialist eating 
disorders unit" with no further information on the diagnostic cri- 
teria. Bicdcrman 1985 included one patient who had a weight 
loss of 19% of the body weight (BMI not stated), less than asked 
for by DSM-III criterion of weight used in the trial, but all other 



criteria were fulfilled. In Atria's study (Attia 1998), three patients 
had irregular menses, but were included because they were sub- 
stantially underweight. In one of Brambilla's studies (Brambilla 
1995b) only three patients were amcnorrhcic and the rest had ir- 
regular menses or oligomenorrhoca. The absence of amcnorrhoea 
could technically pur these patients outside diagnostic criteria for 
anorexia nervosa, bur the reviewers decided to accept and include 
these trials because amcnorrhoea is considered a controversial di- 
agnostic criteria in AN (Garfinkel 1996). 

Exclusion criteria and number of exclusions and refusals 
Only one study did not specify any exclusion criteria (Lacey 1 980). 
Except for Bicdcrman 1985, who reported the number of suitable 
patients who refused to participate (18 patients), only Ruggicro 
200 1 reported that patients were selected from a sample of 1 64 AN 
patients; this study presented data from 35 patients who finished 
rhc re-feeding programme but did not differentiate between eligi- 
ble patients who refused to participate, the number of exclusions 
(due to meeting exclusion criteria) before randomisation, and the 
number of exclusions after randomisation (for the 129 patients 
excluded). 

Description of sample demographics 

Three studies (Bicdcrman 1985; Lacey 1980; Halmi 1986) gave 
full details of sample demographics. The remaining studies gave 
little or basic information. 

Assessment of compliance with experimental treatment 
Only two trials assessed drug compliance by measuring plasma 
levels (Attia 1998; Bicdcrman 1985; Brambilla 1995a; Brambilla 
1995b) noted that in her study compliance with drug treatment 
was ensured through family supporr. None of the other trials made 
any reference to assessment of compliance. 

Details on side-effects 

Three studies provided information on side-effects per group (At- 
ria 1998; Biederman 1985; Halmi 1986) but the details were inad- 
equate (Halmi 1986). Two authors gave no details on side-effects 
(Lacey 1980; Ruggiero 2001) and (Brambilla 1995a; Brambilla 
1995b) reported that there were no side-effects in her trials. 

Description of completion rates 

Three studies reported on withdrawals before the end of the trial 
both detailing and breaking down rhc reasons for this (Attia 1998; 
Halmi 1986; Lacey 1980); two did not refer to drop-outs bur the 
data imply, and the present reviewers assumed, that there were 
no people lost at follow-up (Bicdcrman 1985; Ruggicro 2001); 
the two remaining studies (Brambilla 1995a; Brambilla 1995b) 
did nor report on drop-outs in the published data, and when 
the authors were contacted they informed us that there were no 
withdrawals. 

Outcomes description and use of validated instruments 

Outcomes were clearly described in four studies (Halmi 1986; At- 
tia 1998; Brambilla 1995a; Brambilla J 995b). Uccy 1980; Bic- 
dcrman 1985 provided some outcomes in graphical form, from 
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which it was not possible 10 acquire raw data For synthesis. Mosi 
studies presented data from primary and secondary outcomes as 
continuous data, but some means were provided with our standard 
deviations (Lacey 1980; Ruggiero 2001). Most srudies used vali- 
dated instruments (e.g. EAT, BITE, liDJ, SCL90. HRS-D. HRS- 
A, BDI, SADS-Q to evaluate eating disorder symptoms and asso- 
ciated psych opathology. Evaluations that were not related to the 
scope of this review or that were not based on validated instru- 
ments were not considered (Lacey 1980; Hal mi 1986; Ruggiero 
2001). The only unvalidated scales considered in this review were 
scales of improvement in the global stare (Attia 1998; Biederman 
1985). 

Information on baseline nutritional status 

Information on baseline nutritional status was provided by three 
main measures in studies (for the whole sample or by group): BML 
percentage of ideal body weight or just weight. The mean BMI at 
baseline was reported in only three studies (Attia 1998; Brambilla 
1995a; Brambilla 1995b) and ranged from 14.7 to 16.7 kg/m 2 . 
Data on mean percentage of ideal body weigh r at baseline was 
given in three studies (Attia 1998; Biederman 1985; Halmi 1986) 
and ranged from 69.0% to 82.4% among studies. 

Although it is nor a good measure of "adequacy" of weight, mean 
baseline weight was provided in four studies (Attia 1998; Bicdcr- 
man 1985; Ucey 1980; Ruggiero 2001) and varied from 35-5 kg 
to 41.7 kg. These data suggest that overall patients were subs tan- 
tially underweight at baseline, but the level of severity of weight 
loss cannot be precisely compared berween trials in light of the 
different measures provided. 

Information on comparability of groups and adjustment for 
differences in analysis 

All studies had comparable groups in weight or initial BM1, al- 
i hough this information was not always provided (Halmi 1986; 
Uiccy 1980; Ruggiero 2001). Where provision of initial data al- 
lowed this, comparability of groups at baseline was tested by the 
reviewers. l : our studies did not provide information on the com- 
parability of groups in terms of their demographics or clinical his- 
tories (Brambilla 1995a; Brambilla 1995b; Halmi 1986; Ruggiero 
200 1 ); two studies reported on comparability of their study groups 
in all variables (Biederman 1985; Lacey 1980). Actia 1998 found 
no differences apart from a small difference in mean age, which 
was not found to be related to clinical outcome. 

Inclusion of withdrawals in analysis 

The majority of studies provided no information on rhc use of 
ITT analyses or otherwise. Two studies (Brambilla 1995a; Bram- 
billa 1995b) had no withdrawals (author information) and seemed 
to have included all patients in analyses. Ruggiero 2001 analysed 
data from the whole group selected for the trial (N » 35), but 
commented that patients who did not complete the re-fecding 
programme were excluded (apparently post-randomisation exclu- 
sions). Attia 1998 reported rwo post- random isai ion exclusions 
that were not considered in the analyses and an additional patient 



who was included in the analysis whose self- report data were not 
analysed (as she was considered to be unreliable in terms of re- 
porting her symptoms). However, in this study results were pre- 
sented for all outcomes in the whole sample and it is unclear how 
much of the data from this last patient were included. Biederman 
1985 did not report on withdrawals (apparently none) and anal- 
ysed data from all patients for some outcomes. Halmi 1986 had 
withdrawals and exclusions, and did not include all patients in all 
analyses (e.g. scores on Hamilton Depression Scale). Lacey 1980 
had drop-outs but seem to have followcd-up all patients and anal- 
ysed their weight gain outcomes. 

Statistical analysis 

Most studies had appropriate statistical analysis and two (Attia 
1998; Halmi 1986) had appropriate and comprehensive statistical 
analysis. 

Conclusions 

Conclusions were judged to be justified in all studies. 
Conflict of interest 

Three trials acknowledged support and/or declared interests (Attia 
1998; Biederman 1985; Halmi 1986). 



RESULTS 

The following results show that major methodological limitations 
of trials such as small size of samples and large confidence intervals 
decreased the power of studies to detect differences between treat- 
ments. Additionally, meta-analysis of data was not possible for the 
majority of outcomes. 

Two included studies were investigated in sensitivity analysis as 
they were insufficient to differ from the other trials and presented 
lower quality information: I-accy 1980 did not provide criteria for 
diagnosis of AN (the sample was "patients admitted to anorectic 
unit ai Atkinsons Morlcy Hospital"); Halmi 1986 presented a 
completion rate of 64% in the placebo arm; however, there was a 
"minimal early weight gain exclusion criterion** in this trial, and 
most of the non- completers were post-random isation exclusions 
due to this criterion (13% in the drug group and 20% in the 
placebo group). If only later drop-outs were considered in Halmi 
1986, the study had completion rates of 87% in the drug group 
and 88% in the placebo group. 

1. Comparison antidepressants versus placebo 

Pour trials compared an antidepressant drug to placebo: Attia 
1998; Biederman 1985; Halmi 1986; Lacey 1980. 

• Primary outcome: weight gain 

No evidence of any effect on weight gain was found for antidepres- 
sants combined with other interventions (mainly inpatient treat- 
ment) when compared to placebo. 
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Data on the main outcome, weight gain, were provided in many 
different forms and, for chat reason, with the exception of l he 
outcome number of patients achieving target weight, aggregation 
of data in meta-analysis was not possible. Data from individual 
studies were presented in graphs. 

(a) End -of- treatment mean absolute weight gain or body mass 
index 

I-accy 1980 compared clomipramine to placebo and did not find 
a statistically significant difference in mean weight gain (absolute 
weight increase in kilograms) at (he end of the treatment (SMD = 
0.64 95% CI -0.37 to 1.65). Although the placebo group seemed 
to do better during the treatment phase, at one year follow-up 
patients in the clomipramine group were maintaining their weight 
at a higher percentage of ideal weight than patients in the placebo 
group (even though medication had been discontinued soon after 
their target weights had been attained), bill again the difference 
Ixcwccn groups did not reach statistical significance (SMD - -0.74 
95% CI -1.77 to 0.28). Reviewers assumed that the data referred 
to all patients (N - 16) on both outcomes. 

Attia 1998 compared fluoxetine to placebo and found no signif- 
icant difference between groups (SMD « 0.14 95% CI -0.56 to 
0.85) in mean percentage of ideal weight at the end of treatment. 

(b) Number of patients achieving target weight or weight within 
the normal range 

(presented in negative form in the graphs: number of patients 
NOT achieving target weight) 

Information on the number of patients who achieved target weight 
could be extracted from three studies (Attia 1998; Hal mi 1986; 
Laccy 1980). However, the reviewers considered that differences 
in characteristics of the studies precluded us from grouping data 
of one of the studies (I^iccy 1 980) with the other two (Attia 1998; 
Hal mi 1986) for this outcome measure, Laccy 1980 did not es- 
tablish a time to achieve normal weight, while the other two stud- 
ies determined a maximum duration of treatment (90 days in the 
Halmi 1986 study and seven weeks in the Attia 1998 trial) and 
reported the number of patients who were able to reach the target 
during this time period. I-accy 1980 reported a mean rime of 10 
weeks for all patients of the study to achieve weight within normal 
range, including the drop-outs. In the other two trials (Attia 1998; 
Halmi 1986), those who did not drop out or were excluded took 
a mean time of five weeks to reach target weight. Thus, it did not 
seem appropriate for us to combine data from studies that applied 
different methods to estimate improvement in weight gain and 
had different time scales for reaching target weight. 

Meta-analysis of data on the number of patients not achieving 
target weight (N = 79) from the two studies (Attia 1998; Halmi 
1986) with a more similar design did not show a significant dif- 
ference in efficacy between antidepressant treatment and placebo 
(RR * 0.83 95% CI 0.41 to 1.67; Z = 0.53. P « 0.60) in help- 
ing patients to achieve a weight within the normal range (target 



weight) during the brief time period of the trials. Sensitivity anal- 
ysis was planned for any meta-analysis that included the Halmi 
1986 trial (as stated earlier) but this meta-analysis had only two 
trials and heterogeneity was not identified between studies (I 2 = 
0%). 

As stated above, all patients in the third study (Laccy 1980) reached 
target weight (including drop-outs) and thus, no difference in 
efficacy was evident from use of antidepressants. 

(c) Mean rare of weight gain 

Two studies investigated the rate of weight gain, measuring the 
increase in kilograms per day of treatment with antidepressants 
(tricyclics) compared to placebo (Halmi 1986; Laccy 1980). The 
estimates of effect were in opposite directions in these rwo trials 
and as considerable heterogeneity was found when meta-analysis 
of data was tried (I 2 - 83.4%) reviewers considered that the data 
would be better presented independently. 

The possible explanations raised for the hcterogenciry found be- 
tween these studies arc: 

(i) differences in treatment due to its mean duration (as dis- 
cussed in the previous item), the antidepressant doses used (higher 
in the Halmi 1986 trial, amitriptylinc l60mg per day versus 
clomipramine 50mg per day in the Lacey 1980 trial), the com- 
bined inpatient treatments offered; 

(ii) data on the Halmi trial were relative only to those who gained 
minimal weight at the beginning of treatment and managed to 
remain in trial: these patients could be at a higher baseline weight 
for example (information not available for comparison) and with 
greater chances of having an antidepressant effect; 

(iii) very small sample sac in the Laccy 1980 trial (N = 16); 

(iv) differences in patient selection, as diagnosis of AN was not 
based on rigorous criteria in the Lacey 1980 trial. 

Halmi 1986 found that the daily rate of weight increase was higher 
in the drug group (amitriptylinc) but the difference was not sta- 
tistically significant (SMD ^ -0.53 95% CI -1.22 to 0.17). These 
data referred only to patients that achieved target weight (33/48), 
excluding non-completers for any reason (and those who failed 
to achieve minimal weight gain in the first six weeks of trial). In 
the Laccy 1980 trial, the daily rate of weight gain tended to be 
greater in the placebo group (SMD <= 1.07 95% CI 0.00 to 2.14) 
when the total number of the randomised patients (N = 16) in the 
study were considered (although information relative to number 
of patients for this data was not available and was inferred by the 
reviewers). In the paper, the authors (Laccy 1980) stated that the 
difference in body weight gained each day was not statistically sig- 
nificanr. 

Attia 1998 also analysed rare of weight gain reflected by the change 
in percent of ideal body weight per day, but no differences were 
found between fluoxetine and placebo (SMD « 0.48 95% CI -0.24 
to 1.20). 
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(d) "lime to achieve target weight (ideal, weight within normal 
range) 

Again, data from the two studies (Hal mi 1986; I.accy 1980) that 
reported on mean days to achieve target weight were not aggre- 
gated for the reasons stated above (differences in studies character- 
istics discussed in the two earlier items). Neither trial found any 
significant difference between antidepressants and placebo in time 
to achieve target weight. 

Halmi 1986 considered only patients who achieved their target 
weight (33/48) and found a SM D of - 0.70 (95% CI - 1 .40 to 0.0 1 ). 
The Ucey 1980 trial found a SM D of 0. 1 5 (95% CI -0.84 to 1.1 3). 
This calculation was made on the total number of randomised 
patients (N = 16). 

(e) Any other measure of change in weight 

In the Biederman 1985 trial there was no significant difference 
(RR = 1 .08 95% CI 0.93 to 1.25) in the number of patients who 
did not manage to increase more than 30% of their baseline weight 
during treatment with amitriptyline compared to placebo (five 
weeks) . 

• Secondary outcomes 

I . Efficacy in reducing eating disorders symptoms, associated psy- 
chopathology and improving clinical global state. 

Antidepressants did not differ from placebo in terms of reducing 
eating disorder and associated psychopathology, nor in improving 
global clinical state. 

(a) Hating disorder sy mp tomato log)' 

In the Attia 1998 trial we found no evidence for efficacy of fluox- 
etine in reducing eating disorders symptoms as measured by end- 
of-rrcarment mean scores on either of the following scales: 

Anorectic Hchaviour Scale (SMD = -0.1 I 95% CI -0.82 to 0.59); 
Yale-Brown-Cornell Eating Disorder Scale (SMD = 0. 17 95% CI 
-0.54 to 0.87); Eating Attitudes Test (SMD - 0.33 95% CI -0.38 
to 1.04) and Body Shape Questionnaire (SMD ^ -0.28 95% CI 
-0.98 to 0.43). 

(b) Recovery 

No study provided this data except for Liccy 1980; however au- 
thors provided mean scores without reporting standard deviations 
and it was not possible to use the data. 

(c) Level of depressive symptoms 

Biederman 1985 reported on the number of patients not present- 
ing greater than 50% improvement in depressive symptoms eval- 
uated with the antidepressant scale of the SADS-C: RR of 1.27 
(95% CI 0.97 to 1.67) no significant difference between antipres- 
sant (amitriptyline) and placebo. 

As there were missing data in this outcome, the reviewers adopted 
ITT principles and considered these patients as unimproved, and 



data arc presented including them. Sensitivity analysis comparing 
ITT analysis, and analysis based on the number of analysed pa- 
tients showed similar results (both not significant). 

A meta-analysis of data from two studies (Attia 1998; Halmi 1986) 
(N = 79) evaluating reduction in depressive symptoms through 
end-point mean scores in Beck Depression Scale (where groups 
were comparable at baseline in both studies, rested by reviewers) 
did not find an advantage for antidepressant treatment (SMD = 
0.01 95% CI -0.43 to 0.45; overall effect Z « 0.05, P * 0.96). 
Sensitivity analysis (as planned) was not performed as there were 
only two trials bur no heterogeneity was found between studies 
(I 2 * 0%), 

Attia 1998 evaluated improvement in depressive symptoms using 
end-point mean scores in the depression subscalc of the SCL-90, 
and did not find any differences (SMD * 0.11 95% CI -0.60 to 
0.81) between groups. Halmi 1986 analysed depressive symptoms 
comparing end-point mean scores of Hamilron Depression Scale, 
but also did not find a statistically significant difference (SMD = 
-0.45 95% CI -1.12 to 0.22); moreover data in this outcome did 
nor refer to all randomised patients (36/48) and reviewers were not 
able to apply ITT principles as no additional information could 
be obtained from the authors. 

(d) Level of anxiety symptoms (including obsessive-compulsive 
symptoms) 

Biederman 1985 did not find any difference in the number of 
patients failing to present greater than 50% improvement in ob- 
sessional symptoms evaluated with the HSCL (RR u 1.08 95% 
CI 0.93 to 1.25), and in anxiety symptoms evaluated with the 
SADS-C (RR * 1.17 95% CI 0.94 to 1.44). ITT principles were 
applied to missing data in both outcome measures, in that patients 
with missing data were assumed not to have improved. Sensitivity 
analysis comparing ITT analysis and analysis based on the num- 
ber of evaluated patients showed no difference in results (both nor 
significant). 

Attia 1998 also reported on improvement in obsessional symp- 
toms based on end-point mean scores in the obsessive-compul- 
sive subscalc of the SCL-90 (comparable baseline scores between 
groups) but did nor detect any effect of fluoxetine (SMD ■ 0.25 
95% CI -0.46 to 0.96). 

(c) Clinical Global Improvement 

Biederman 1985 compared clinical global effect of amytriptylinc 
versus placebo, but found no difference between groups as mea- 
sured by number of paricnts not reporting greater than 50% im- 
provement on the Clinical Global Scale (RR - 0.98 95% CI 0.77 
to 1.24). 

One study (Attia 1998) provided end- point mean scores in Clin- 
ical Global Improvement. Statistical analysis did not identify any 
effect of antidepressant (fluoxetine) in improving clinical global 
state (SMD - -0.20 95% CI -0.91 to 0.51). 
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2. Acceptability of treatment 

This review did not find any evidence of differential acceptability 
of antidepressants when compared ro placebo as measured by the 
following outcomes: 

(a) Proportion of non-completers (drop-outs) due ro any reason 

Meta-analysis of drop-outs for any reason was performed and no 
difference was found in overall non-completion rates in groups 
receiving antidepressant treatment compared to tbosc receiving 
placebo. Four studies were considered (Attia 1998; Biedcrman 
1985; Halmi 1986; l.accy 1980) (N = 120), and 12 out of 57 
patients in the antidepressants group did not complete the trials, 
compared to 14 out of 63 patients in the placebo group who left 
the study before its end (RR - 0.90 95% CI 0.46 to 175; overall 
effect Z= 0.32. P-0.75). 

Reviewers assumed there were no drop-outs in the Biedcrman 
1985 study. 

ITT analysis was not performed by reviewers as it was nor possible 
to identify group assignment of one of the two patients excluded 
post-randomisation in the Attia 1998 trial. 

(b) Proportion of non-completers due to adverse effects 

Aggregation of data of all placebo-controlled trials (Attia 1998; 
Biedcrman 1985; Halmi 1986; Liccy 1980) in meta-analysis (N 
T-. 120) found no significant difference in the numbers of patients 
leaving the treatment because of side-effects, thus no difference in 
acceptability of ircarmcm due to adverse effects could be demon- 
strated in this review (RR = 0.66 95% CI 0.09 to 4.82; overall 
effect Z = 0.42, P » 0.68). Again reviewers assumed that no drop- 
outs for side effects occurred in the Biederman 1985 (the authors 
reported on side-effects but not on drop-outs for that reason). 
Again, ITT analysis was not performed by reviewers as it was not 
possible to identify group assignment of one of rhe two paricnts 
excluded post -randomisation in rhe Attia 1998 sm<\y. 

(c) Number of subjects reporting side effects 

This information could only be extracted from one study (Attia 
1998), which found no difference between the number of patients 
reporting side-effects on antidepressant treatment or placebo (RR 
= 2.13 95% CI 0.22 to 21.17). 

2. Comparison antidepressant versus antidepressant 

Three studies were included in this comparison (Brambilla 1995a; 
Brambilla 1995b; Ruggiero 2001). 

• Primary Outcome : weight gain 

(a) liiul-of- treatment mean absolute weight gain or body mass 
index 

No evidence was found of greater efficacy for any antidepressant 
compared ro another antidepressant, when used in combination 
with other types of interventions. 



Brambilla 1995a and Brambilla 1995b compared fluoxetine to 
nortriptyline and to am inept inc. In both studies no statistical dif- 
ference was found in end-of-treatment mean BMI between dif- 
ferent antidepressants; the SMD found for the fluoxetine versus 
amincptinc comparison was -0.68 (95% CI -1.81 to 0,46) and for 
the fluoxetine versus nortriptyline comparison was 0.81 (95% CI 
-0.12 to 1.75). 

Ruggiero 2001 tested the efficacy of fluoxetine against 
clomipramine but did not find greater efficacy for cither drug in 
improving weight gain as measured by end-of-treatment mean ab- 
solute weight (SMD * -0.45 95% CI -1 .28 to 0.39) or mean per- 
cent of weight increase (SMD * -0. 19 95% CI -1.02 to 0.63). 

(b) Other measures of weight gain: not available for this group of 
studies. 

• Secondary outcomes 

(a) Ealing disorder symptoms: one study found amineptine had a 
greater effect on eating disorder symproms compared to fluoxetine 
{Brambilla 1995b). 

Two studies (Brambilla 1995a; Brambilla 1995b) used the Eat- 
ing Disorders Inventory scores to evaluate improvement in eating 
disorders symptoms in the trials: in one of the studies (Brambilla 
1995b) amineptine was superior to fluoxetine in reducing eating 
disorder symptoms (SMD = 1.70 95% CJ 0.36 to 3.04; overall 
effect Z as 2.48, P = 0.01); the second study, comparing fluoxetine 
versus nortriptyline (Brambilla 1995a) did not identify differences 
between antidepressants in relation to eating disorder symptoms 
(SMD « 0.09 95% CI -0.81 to 0.99). 

(b) Level of depression: no difference between tested antidepres- 
sant drugs. 

Depressive symptoms were evaluated in Brambilla 1995a and 
Brambilla 1995b using end-point mean scores on the Hamilton 
Depression Scale. No difference was found between the compar- 
isons in terms of reduction of depressive symproms: fluoxetine 
versus nortriptyline (SMD - 0.86 95% CI -0.08 to 1.80) and flu- 
oxetine versus amineptine (SMD = 0.00 95% Cl -1.09 to 1.09). 

(c) Level of anxiety: one study found a greater efficacy of nor- 
triptyline compared to fluoxetine in reducing anxiety (Brambilla 
1995a). 

Anxiety symptoms were also evaluated in two studies (Brambilla 
1995a; Brambilla 1995b) through end-point mean scores on the 
Hamilton Anxiety Scale. Nortriptyline showed greater efficacy 
compared to fluoxetine in reducing anxiety symptoms (Brambilla 
1995a), wirh a SMD of 1.28 (95% CI 0.29 to 2.27; overall effect 
Z = 2.53, P ■ 0.01). The comparison of fluoxetine versus aminep- 
tine did not identify any difference (SMD « 0.38 95% CI - 0.72 
to 1.48). 

Finally, subgroup analysis comparing different classes of antide- 
pressants or setting of treatment were not performed due to the 
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small number of trials and methodological limitations to aggrega- 
tion of data. 

DISCUSSION 

This systematic review aimed 10 evaluate the existing evidence on 
the efficacy and acceptability of antidepressant treatment in the 
acute phase of AN. It is clear from the review that there is a lack 
of quality of information in this Held that severely compromises 
interpretation of results. 

Methodological considerations 

The numerous methodological limitations of the trials included 
might have accounted for the findings of this review. To start, a 
very small number of studies have been performed to date compar- 
ing antidepressants to placebo, limiting the available data. Con- 
sidering the quality of assessment, none of the studies gave details 
on concealment of randomisation allocation and none reported 
on testing for the integrity of blinding. Nevertheless, as no evi- 
dence of efficacy of drug treatment has been found, bias due to 
inadequate allocation concealment and/or blinding docs not seem 
to have occurred or to have affected results in terms of increasing 
the chance of overcsrimation of drug effect. 

The greatest limitation of the studies was the very small sample 
size of all trials (e.g. eight patients in each arm of one trial), as it led 
to decreased power to detect differences in effects, shown in the 
resulrs by the large confidence intervals found in most analyses. As 
expected, no trial of the placebo comparisons investigated antide- 
pressants as the sole treatment, which would be outside current 
clinical practice guidelines (A1>A 2000; NCCMH 2004). How- 
ever, this might have been another important limitation of the 
studies, the combination of antidepressants with multiple psy- 
chological and nutritional inpatient interventions (including be- 
havioural programmes devoted to weight gain) i.e. an intensive 
care that usually promotes weight restoration by itself In such a 
condition, the effect that a drug added to this whole "package" of 
rrcaimcnt is able to contribute, for instance in terms of increase 
in the rate of weight gain, is likely to be small and difficult to 
demonstrate; if we also take into account the small sizes of trials, 
the power of these studies to detect even large differences in effects 
is definitely compromised. 

Another important methodological flaw of the placebo-controlled 
trials included here were their short length, some with planned 
or mean duration of around five weeks and no follow-up period; 
this period is too short to evaluate the effect of an antidepressant 
in a disorder with psychopat ho logical disturbances of enduring 
nature and a typically slow course of recovery. Additionally, some 
trials used low or moderate doses of antidepressants and some did 
not refer to resting compliance with drug treatment, a possible 
problem with patients with AN, who are usually reluctant to take 
medicines. 



Other methodological shortcomings of trials involved the out- 
come measures and reporting of outcomes. The primary outcome 
in this review was improvement in weight gain, as it is considered 
a first and essential step in recovering from AN, as is a reliable out- 
come measure. Most of the trials had weight gain as the primary 
outcome; however, the way this was reported varied between stud- 
ies, preventing aggregat ion of the results. It would be useful if trials 
systematically reported the number of patients achieving normal 
weight at the end of the trial, as weight restoration to normal seems 
to be associated with better outcomes (Baran 1995; Agras 2004), 
and can be easily reported and further aggregated. The same prob- 
lem occurred with secondary outcome measures: different scales 
were used or different ways of reporting data prevented us from 
performing meta-analysis of data. The use of dichotomous data, 
such as the number of patients presenting end-of-trcatmcnt scores 
below the scale cut-off point, or the use of categories of levels of 
improvement in symptoms would facilitate further aggregation of 
results. 

Additionally, other problems identified in studies were that the 
presentation of data on completion rates and on numbers of pa- 
tients evaluated for each outcome variable were not always avail- 
able. Authors also rarely performed ITT analyses. 

Heterogeneity was found between studies. Two main reasons for 
this could be that studies were found to be pursuing similar objec- 
tives (improvement in the treatment of acute AN) but with possi- 
ble differences in goals and in expected actions of the antidepres- 
sants. Differences in definition of an adequate time scale for weight 
rehabilitation (or no definition at all) may have led to different 
results, as observed in terms of the mean duration of treatments 
(in Laccy 1980 the mean duration of treatment was twice that of 
the mean durations in the Attia 1998 and Halmi 1986 studies); 
secondly, different "packages'* of treatment combined with drugs 
may result in poorly comparable interventions. 

Finally, another aspect that can impact on treatment outcome (but 
was not evaluated in this review) is patient variability (such as age 
and illness factors). Biedcrman 1985 had a younger sample than 
other placebo-controlled trials; as in other disorders, presentation 
at early onset of the disorder (before 18 years of age) may have 
a better outcome (Strobcr 1997b), but longer periods of follow- 
up arc required to evaluate this. Case- mix in terms of sub- type of 
AN (binge-purge or rcstrictor) is another aspect that may have an 
impact when evaluating a drug, as biological differences may lead 
to different cfTccrs (Kayc 1999a; Kaye 1999b); however, samples 
of the placebo comparisons had mixed types of AN patients, and 
only one trial investigated efficacy of drugs by AN sub-rypc (Halmi 
1986). 

Main findings 

A comprehensive search of the literature was conducted in or- 
der to identify RCTs that tested antidepressants in the treatment 
of acute AN, but only seven studies were found to fulfill critc- 
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ria for this review, lour of them comparing antidepressant treat- 
ment to placebo. Although patients showed improvement dur- 
ing treatments in most studies, usually with significant changes in 
we i gin compared to baseline, the RCTs included here were nor 
able to demonstrate any effect of antidepressant drugs compared 
to placebo in the majority of the outcomes considered in this re- 
view. The only positive findings in this review were a greater cfTccr 
of amineptine compared to fluoxetine in reduction of eating dis- 
order symptoms evaluated rh rough end-of-trcarmenr Eating Dis- 
orders Inventory mean scores, and greater effect of nortriptyline 
compared to fluoxetine in reducing anxiety symptoms measured 
through Hamilton Anxiety Scale mean scores. However* these were 
isolared findings, of unclear significance in light of the findings 
from the placebo comparisons; for that reason, they should not 
l>e conceived as evidence of efficacy of a specific drug or class of 
antidepressant. The authors of the present review expected that 
aggregation of data from trials would increase the power to detect 
differences in efficacy between tested drugs (or placebo), as phar- 
macotherapy trials in AN were few and of small sizes; however, 
aggregation of data in meta-analysis was not possible for the ma- 
jority of outcomes in this review. The only efficacy outcome in 
which meta-analysis (with data from two trials) was done was with 
the number of patients not achieving target weight, but evidence 
of effect of antidepressants could not be demonstrated. 

In the trials included in this review, drugs with different profiles of 
pharmacological action have been tested: amitriptilinc (both nora- 
drenergic and serotonergic), clomipramine (mainly serotonergic), 
fluoxetine (selective serotonergic), noriripriline (mainly noradren- 
ergic) and amineptine {mainly dopaminergic). Researchers seem 
to have tried to target different goals through different expected ac- 
tion of drugs. As mentioned earlier, serotonergic deregulation has 
been demonstrated in AN (Kaye I99)a; Kaye 1998; Frank 2001b; 
Attia 2005) and considered a predisposing factor for developing 
the illness. It has been postulated that serotonin modulates the bal- 
ance between dopamine, noradrenaline and GABA (the aminobu- 
tyricacid), which mediate, respectively, thought processes, anxiety 
and mood; the homeostasis of these neurotransmitters arc thought 
to be disturbed in the illness, and serotonergic drugs arc expected 
to reinstate the homeostasis (Vaswani 2004). Moreover, the neu- 
rotransmitter systems are all involved in the complex neurobio- 
logy cal control of weight and food intake (Appolinario 2004). Re- 
duced serotonergic neurotransmission and compensatory recep- 
tor activation (functional supersensitivity of 5-HT2c receptors) 
due to dieting have been associated with increased food consump- 
tion and weight gain (Kaye 1991c; Cowan 1996). Other authors 
considered that a decrease in hypothalamic noradrenergic activity 
could be involved in AN and that tricyclic antidepressants could 
en h ace food intake/appetite through stimulation of alpha- nora- 
drenergic receptors within the medial hyphotalamus (Pirkc 1996; 
Appolinario 2004; Ixribowity. 1986). Brambilla 1995b however, 
tested amineptine to inhibit hunger in binge-purge AN patients 
through its dopaminergic-stimulaiing effect, in contrast with the 



current, renewed interest in antipsychotic drugs (the atypicals) to 
treat acute AN, that is based on the dopaminergic deregulation 
hypothesis and the appetite-stimulating side-effect of these drugs 
(through blockade of dopamine receptors in the ventromedial nu- 
cleus) (Bosanac 2005). 

It has been suggested that the neurochemical abnormalities of 
the malnourished state may partially explain the clinical non-re- 
sponse to drugs, especially SSRIs, observed in the acute phase of 
AN (Atria 1998; Kaye 1998; Attia 2005). In fact, decreased levels 
of CSV 5-HIAA, noradrenaline (NE) and 3-methoxy-4-hydroxy- 
phcnylglycol (MHPG), and HVA have all been reported in stud- 
ies (Kaye 1984; Pirkc 1996; Kaye 1998). The low levels of CSF 
5-HIAA detected in AN underweight patients may be possibly 
related to the poor dietary intake of tryptophan (the precursor 
of serotonin). Moreover, low values of oestrogen during the mal- 
nourished stare and low intake of other nutrients (essential fatty 
acids, zinc, pyridoxine) that arc believed to influence serotonin 
pathway function may also impair neuronal release of 5-HT in 
the brain, down-regulate its receptor, and thus, reduce the antide- 
pressant action, Attia 2005 measured plasma tryptophan (TRP) 
and the ratio TRP/LNAA (large neutral amino acids) in AN dur- 
ing rc-fccding> and found levels to be low at baseline, but to in- 
crease gradually towards normalisation with weight restoration. In 
a recent RCT, however, this finding of lack of response to SSRI 
medication due to inadequate supply of nutrients has been con- 
tested as nutritional supplementation (including tryptophan) or 
placebo nutritional supplements were added to fluoxetine and it 
was found that nutritional supplements did not increase efficacy 
of fluoxetine treatment in underweight AN patients (Barbarich 
2004); however, a small sample size and high attrition rate limit 
the interpretation of results. 

Although limited by the poor quality of evidence available, rhc 
findings of antidepressant trials in acme AN have raised the dis- 
cussion of whether research testing these drugs during the starva- 
tion state should go on. The use of antidepressant drugs have then 
been considered in weight* restored patients, when the effects of 
malnutrition arc bcign resolved. In this stage, medications could 
be used to treat remaining depressive and obsessive-compulsive 
symptoms, and to prevent relapse (weight loss). Preliminary pos- 
itive findings in this field support the indication of SSRIs (fluox- 
etine) to prevent relapse in AN (Kaye 1991b; Kaye 2001b), but 
negative findings have all been reported (Strobcr 1997a). This is 
certainly an area that should be further explored. 

Apart from the unproven efficacy of antidepressants, issues of safety 
and acceptability of drug treatment in AN also have to be con- 
sidered. Previous studies in bulimia nervosa from our group (Ba- 
caltchuk 2005) have foumi relatively high rates of treatment drop- 
out with antidepressant therapy compared to low rates with psy- 
chotherapy. In this review, it was possible to perform meta-analysis 
of non-completion rates in trials. Despite the reported side-effects 
by patients treated with antidepressant drugs (especially tricyclics) 
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in some mats (Biedcrman 1985; Hal mi 1986), no significant dif- 
ference in drop-on ts from studies (for any reason or for side-ef- 
fects) was detected of tested antidepressants compared to placebo. 
While srill widely used in developing countries (for economic rea- 
sons), tricyclics are associated with uncomfortable adverse effects 
and increased cardiac risks as prolongation of die QT interval (and 
arrhyrhmias) can occur. As some AN patients (especially those 
who purge and develop hypokalemia) may also present with a 
prolonged QT interval, tricyclics are likely to be contra-indicated 
in underweight AN patients (Ackerman 1998; Reilly 2000) and 
new trials resting them ate nor expected to be developed. Newer 
drugs, with safer and better side-cfTecf profiles such as SSRIs, are 
considered a better options, though they could not prove to be of 
benefit tin til the moment. However, results from open label srudics 
(Pallanri 1997; Fassino 2002; Santonasraso 2001; Ruggiero 2003) 
have suggested improvement with SSRIs, and the methodological 
limitations (discussed below) of the trials presented in this review 
compromise the clear understanding of the role of these drugs in 
acute AN. It is expected that an improved knowledge of the neu- 
rochemical alterations of the starvation state of AN can give clues 
to pharmacological research in this phase of the illness. 

AUTHORS' CONCLUSIONS 

Implications for practice 

Anorexia nervosa is a complex disorder that challenges clinicians 
and researchers who wish to improve its treatment. In line with 
what is commonly reported in the literature in the field (Treasure 
2004; De Zwann 2003a) this systematic review could not find 
evidence of efficacy of antidepressants in the acute phase of AN. 
A lack of quality information precludes us from drawing definite 
conclusions or recommendations on the use of these drugs in this 
phase of the illness. It is likely that short term treatment of under- 
weight patients with antidepressants does not confer added ben- 
efit over and above specialised inpatient treatment, as most pa- 
tients responded to complex inpatient programmes that targeted 
weight gain in trials. However, it needs to be noted that many pa- 
tients with AN are treated as outpatients, with less intensive input, 
or outside specialised services, and antidepressants have not been 
tested in such conditions. 

Moreover, although improved, many patients remain clinically 
symptomatic following re-feeding in hospital (Attia 1998), and 
arc highly vulnerable to relapse. Unlike the findings in this review, 
promising initial results have been achieved by studies that inves- 
tigated fluoxetine for relapse prevention in weight restored AN 
patients (Kayc 1991 a; Kaye 2001a). Although these findings need 
replication, it suggests that the use of antidepressants could be 
considered after weight has been at Icasr partially restored, aiming 
at improvement of residual symptoms and prevention of weight 
loss at follow-up. 



Nevertheless, the regulatory agencies in United Kingdom 
(MHRA) and United States (FDA) have not approved any med- 
ication for the treatment of AN. Additionally, they have recently 
examined the controversial issue of the existence of a possible link 
between suicidally and use of antidepressants in children and 
adults, and they found that there was no, or insufficient, evidence 
from clinical trials to demonstrate that hcnefiis of treating depres- 
sive illness in patients under 18 years of age with SSRIs outweighs 
the risks of side-effects, with the exception of fluoxetine, that was 
identified to have a positive balance. Thus, fluoxetine is the only 
approved drug in UK and US for treatment of depression in chil- 
dren (although recently it has been shown to be also associated 
with increased suicidal behaviour). In a critical appraisal of the 
subject, Licinio 2005 states that "most people who commit suicide 
suffer from major depression disorder, and in the vast majority of 
cases their suicide is the result of untreated or inadequately treated 
depression". Authors also state thai "warnings from the agencies 
are not intended to prohibit the use of antidepressants, but to en- 
courage preset i be rs to balance this risk versus the clinical need and 
the long-term consequences of not treating depression or other 
psychiatric disorders in children and adolescents". It is advisable, 
of course, to take all possible safety measures when antidepressants 
are used. 

Implications for research 

Although considerable research has been devoted to understand- 
ing AN, little progress has been made in developing effecrivc treat- 
ments for this disorder and there is currently no single leading 
treatment for AN (NCCMH 2004; Agras 2004; Fairbum 2005). 
As seen in this review, the trials that investigated antidepressants 
in acute AN had major limitations that were mainly due to the 
small sample sizes (insufficient power to detect differences, large 
confidence intervals), and setting of treatment (inpatient complex 
programmes). 

Thus, a randomised trial with a naturalistic design, comparing 
drug plus routine clinical pract ice (e.g. psychotherapy that includes 
nutritional advice) and routine clinical practice without medica- 
tion in outpatient settings, could address the methodological pit- 
falls raised so far if the following aspects are also considered: (a) as 
inadequate sample sizes may have precluded finding meaningful 
differences between treatment groups, it is therefore paramount 
to have multi-centre trials with a large number of participants; (b) 
patients with AN need individualised interventions. The impact of 
treatment variations should be evaluated in analysis; (c) the study 
should have a long duration so as to assess the full spectrum of con- 
sequences and outcomes of these treatments; (d) the primary out- 
come should focus on the proportion of patients achieving normal 
BMI, and (c) as pointed out by the NIH report on "Overcoming 
barriers to treatment research in AN", secondary outcomes should 
include both measures of core and associated symptoms as well 
as measures of quality of life, social adaptation and resource uti- 
lization (Agras 2004). The blinding of the outcome assessments 
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could be done by masking rhe research interviewers to the aims of 
the study. This study design may lead to numbers participating, 
fewer drop-on rs and improved compliance. 

Despite (he existing controversy with utility of pharmacological 
agents during the starvation state of AN , drug trials are still needed 
as definitive conclusions on efficacy cannot yci be made. More- 
over, specialist treatment is expensive and not widely available. 
Given the clinical problems and cardiac risks associated with tri- 
cyclic antidepressants, ir is advisable that further trials test safer and 
more tolerable antidepressants such a SSRIs, noradrenergic spe- 
cific agents and non tricyclic dual reuptake antidepressants to help 
inform clinical practice. It is also expected that increased knowl- 
edge on the neurobiology of AN might favour the development 
of more specific pharmacological rargcts in the treatment. 
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TABLES 



Characteristics of included studies 



Study 



Attia 1998 



Methods RCT; placebo controlled; double-blind; duration variable: maximum 7 weeks or until reached 90% of idea! 

body weight plus one week (approximately 5 ro 6 weeks); plasma levels of drug measured at week 4 and end 
of treatment; 

It is not certain that ITT analysis was conducted: of 33 patients initially randomised, data from only 31 were 
considered for analysis. 



Participants 



Interventions 



Outcomes 



AN Diagnosis: DSM-IV (criteria A, B and C) and weight less then 80% of ideal body weight ; 
31 female inpatients: 

12 AN-rcstrictivc and 19 AN-binge/purgc; significant difference in mean age between groups: fluoxetine 

29.1ys (SP=7.2) and placebo 23.4 ys (SD=6.4). 

Fluoxetine 60 mg (mean dose 56mg/d SD= 1 1 .2) X placebo; all patients also attended individual psychother- 
apy (supportive and cognitive-bchav), group sessions, family sessions (if available) and a structured behavioral 
treatment aimed at normalizing eating behavior and weight. 

Weight gain: end of treatment mean percent of ideal body weight, mean change in percent of ideal body 
weight per day; 

improvement in eating disorders symptoms (Anorexic Behvaior Scale, BSQ, EAT, Y-Brown-Corncll Eating 
Disorder Scale); improvement in depression and obsessive-compulsive symptoms (mean scores of SCL-90) 
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Characteristics of included studies {Continued) 

and clinical improvement (mean scores in CGI); proportion of drop-outs for any reason and for side effects 
reported j>cr group, and number of subjects reporting side effects also. 
Notes Allocation concealment not mentioned; although groups differed in mean age, age was not related to clin- 

ical outcome on any clinical outcome measure; mean duration of treatment not different bcrwecn groups 
(fluoxetine = 36.1 days SO H.I and placebo = 37.4 days SD 13.8); self -report data from one patient not 
analysed (unreliable). 

Allocation concealment B . 



Study 


Biedcrman 1985 


Methods 


RCT; placebo controlled; 




double-blind; 




multi -centre (2); 




3 arms (parallel); amitriptiline x placebo x control group (no drug); 




5 weeks duration; compliance assessed (plasma levels measured weekly); ITT analysis apparently not realized 




(some outcomes do not consider all patients). 


Participants 


AN Diagnosis: Feighncr + DSMHi criteria; 25 in and outpatients; 




amiiripiyline n=l I, mean age 18.4ys (SO =4. 9); 




placebo n- 14, 




17.2ys (SD-4.3); 




gender not specified, nor anorexia type. 


Interventions 


Amitriprylinc (mean daily dose 115 mg SD- 31) X placebo; all patients received medical and psychiatric 




treatment including suportivc measures, nurritional counseling, individual psychotherapy and family inter- 




vention. Inpatients also received Behavior Modification Programme. 



Outcomes Weight gain: mean weekly weight gain (kg/week) and number of patients responding to categories of per- 

centage of weight gain; improvement in eating disorders, depression, anxiety, and obsessive- 
compulsive symptoms, and global clinical effect measured by weekly changes in scores in scales 
(KAT-4&VSADS-C, HSCL, Global Severity and Global Improvement Scales); outcomes in overall symptoma- 
tology offered through number of patients per categories of percentages of response. Drop-outs not informed 
(apparently none as total number of patients were evaluated in some outcomes); 

number of patients reporting specific side-effects in each group referred but total number of patients with 

adverse events nor described. __________ 

Motes Allocation concealment not mentioned; drug plasma levels available for 8 patients showed wide variation at 

the same dose (2 at the lower limit of assay sensitivity suggesting compliance problems); high refusal rate to 
study: 18 patients, who formed a control (no drug) group, not considered in this review. 

Allocation concealment B __ __ 



Study Brambilla 1995a 

Methods RCT; two arms (not placebo controlled); open study; one center; 4 months duration; although authors 

informed that ITT analysis were not performed, they also informed that there were no drop-outs. 

Participants AN - Restrictive Type Diagnosis: 

DSMHI-K + IV criteria; 22 female outpatients: nortriptyline n=7, fluoxetine n«15; 

overall sample mean age was 21 years (SD=5); groups comparable in BMI (no information on demographic 
and clinical factors comparisons). 
Interventions Nortriptyline 75mg/d X fluoxetine 60mg/d; all patients also attended CBT and nutritional therapy sessions. 

Outcomes Weight gain: evaluated through BMI; evaluation of eating disorders symptomatology (EDI and BITE), 

depression and anxiety symptomatology (HRS-D and HRS-A) . 

Notes Allocation concealment based on use of scaled opaque envelopes; assesment of compliance only based in 

family support (no plasma levels of drug); no drop-outs. Information provided by first author. 
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Characteristics of included studies (Continued) 



Allocation concealment A 



Study 


Brambilla 1995b 


Methods 


Dr"**'P» rwir\ <irmc (nnr n\ir"f*V*r\ rt\r\ rml V rtnni ^fiiHv* one center* 4 months duration * although authors 




informed that ITT analysis were not performed, they also informed that there were no drop-outs. 


I «u iici p*li i w 


AN- Bini>e-F:itine / Purt>ineTvoc Diagnosis: 




DSMlll-R + IV criteria ; 13 female outpatients: amincptinc n-7, fluoxetine n«6; 




overall sample mean age was 23. J (*SD-6.8); groups comparable in BMI (no information on clinical factors 




comparisons). 


Interventions 


Amincptinc 300mg/d X fluoxetine 60mg/d; all patients also attended CBT and nutritional therapy sessions. 


Outcomes 


Weight gain: evaluated through BMI; evaluation of eating disorders symptomatology (EDI and BITE), 




depression and anxiety symptomatology (HRS-D and HRS-A) . 


Notes 


Allocation concealment based on use of scaled opaque envelopes; assesincnt of compliance only based in 




fnYiil\- ciirtn/'\i j r ( r\r\ nl'iciin lf»vpl« nf flmoV ims Hrr»n-nur«; ! n fnrmarion orovidcd bv firsr author, 
lamiiy support ^nu piw»m« it.v"wio ui uiug/, uu uiujj uuisi iiiiuiimohuii |;iunuv>vi <jj uu« uu,nwi ' 


Allocation concealment 


A 


Study 


Halmi 1986 


Methods 


KC 1 ; placebo controlled; 




double-blind; 




duration variable (until reached target weight or maximum of 90 days) but mean duration was 4 to 5 weeks; 




multi-centre (2); 




3 arms (parallel) (amitriptiline x cyproheptadine x placebo); 




ITT analysis not specifically rcporrcd and different number of patients were evaluated in outcomes. 


Participants 


AN Diagnosis: DSM III + amenorrhea; 




48 female inpatients (72 randomised considering cyproheptadine group) with 33 bulimic type and 39 




rcstrictors; 




amitriptylinc n*23 and 




placebo n=25; 




Overall mean age was 20.56ys SD=5.1. No information on comparability of groups. 


IIHCIYCIHIUMj 


A in i r rlfitvl i 1 tiiaviniiiiii ntti^f* loOniPl /v 

f\ l 1 1 1 \ 1 I \J \ y i J 1 1 V ^1 1 1 rtA 1 1 1 1 VI 1 1 1 VlUdV » \/wuiiy <v 




placebo, added to inpatient interventions not specified, except for a rcfeeding programme. 








number of pat ients achieving target weight (within 5% of normal range), average daily weight gain (kg/day) 




and time to achieve target weight (in those who achieved it); 




improvement in eating disorders symptoms (Anorectic Behavior Scale, and Anorectic Atittudc Scale); im- 




urnw/imnnr in / \/> n> t-r>c c i r\ ti 1J ^\ J-J ..OR) RF^TV HmiVAIIIC fr» r inv r/"Kf>n ( t T fY\f" n T T'A WwVOkS ailH fdr 

provement in oepiession iivo-i^, no\^b*/Vi ww/i urup-uuis iur any rt»i»cjjj ^iv«uiuviu idimiu/ cum tui 




sidc-cfTccts stared. 


Notes 


Allocation concealment not mentioned. 




No reference to measurement of drug plasma levels; statistical significant difference (greater achievement of 




target weight) in patients using maximum dose; 




placebo group presented a drop-out rate of 36%. 


Allocation concealment 


B 


Study 


Laccy 1980 


Methods 


RCT; placebo controlled; 




double-blind; 
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Characteristics of included studies (Continued) 



cl n nil ion variable: drug treatment until reached target weight (around 10-11 weeks); follow-up at one year 
and four years after weight gain; ITT analysis not clear (withdrawals were followed up and seems to have 
been included in analyses). 
Participants AN Diagnosis: 

criteria nor described, authors refer 10 consecutive admissions to anorectic unit at hospital; 16 female inpa- 
tients: 

clomipramine n=8, mean age 20.9 yrs and 

placebo n=8> mean age 21.4 yrs (no SD informed); groups comparable (sex,agc, weight, clinical history and 
social class). 

7 AN -Restrictive and lAN-Bulimic 

-type patient in each group. 

Interventions Clomipramine 50mg X 

placebo added to inpatient icfccding behavioural programme (bed-rest + planned meal), and individual 
and family psychotherapics; outpatient follow-up monitored weight and related behaviour coupled with 
psychotherapy (no drug). 

Outcomes Weight gain: 

absolute mean weight gain (kg) , 
mean daily rate of weight 

gain (kg/day), mean number of days to achieve target weight and mean % of ideal weight at one year follow- 
up; aspects of mood (sadness, anxiety, irritability) and appetite behaviour measured through analogue scales 
(developed by authors); drop -outs for any reason and for side-effects stated. 

Notes Allocation concealment not mentioned. Low dose of clomipramine used; no reference to assessment of 

compliance (drug levels); number of evaluated patients not stated for some outcome measures (data probably 
refers to (he complete sample as authors inform that all patients reached target weight (including drop-outs) 
and offer data of 1 -year follow-up. 

Allocation concealment B 



Study 



Ruggicro 2001 



Methods RCT; 3 arms (not placebo controlled); single-blind (outcome assessor); three months duration; ITT analysis 

not clear (number of before and post - randomisation exclusions not clearly informed and outcomes refers 

to 35 patients who finished the re- feeding phase). 
Participants AN Restrictive Type Diagnosis: DSM-IV criteria; 35 inpatients (gender not specified): clomipramine n= 13, 

mean age 23.69 (SD 4.57); fluoxetine n=lO, mean age 24.50 ( SD 5.06) ; groups comparable in age and 

weight, but no information in orhcr clinical or demographic aspects). 
Interventions Clomipramine mean daily dose 57.69 mg SD » 25-79; fluoxetine mean daily dose 28.00mg SD - 10.32; all 

patients received a nutritional and psychocducarion-al treatment. 
Outcomes Weight gain: end of treatment mean weight and percent ual of weight increase; improvement in eating 

disorders symptoms evaluated through Eating Disorder Interview based on Long Interval Follow-up (LIFE 

II BE1). 

Notes Allocation concealment not mentioned; data from one of the arms (amisulpride) was not considered: no 

reference to asses men t of compliance (drug blood measurement); drop-outs not referred. 
Allocation concealment B 



Characteristics of excluded studies 



Barbarich 2004 RCT of additional nutritional supplements to potentiate the effects of fluoxetine in underweight AN subjects, 

which was not pertinent to the questions in this review 
Bergh 1996 Retrospective observational study (clinical records) of citalopram in AN, which was not pertinent to the questions 

in this review 
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Characteristics of excluded studies (Continued) 



Bcrgh 2002 RO" of training of eating behavior and saciety by computer support, reduction of physical hyperactivity, supply 

or warmth and restoration of social function in eating disorders patients, which was not pertinent to the questions 

in this review 

Birmingham 1994 RCT of zinc treatment AN, which was not pertinent to the questions in this review 

Brambilla 1995c RCT of T-lymphocitc cholccystokinin-8 and beta- endorphin concentrations in AN patients, which was not 
pertinent ro the questions in this review 

Calandra 1999 Uncontrolled open trial of citalopram in eating disorders patients, which was not pertinent to the questions in 

this review 

Cor win 1995 Retrospective observational study (chart review) of TCA versus fluoxetine in AN, which was not pertinent to 

the questions in this review 

Eckert 1987 RCT investigates psychological aspects of subgroups of AN patients participating in a drug treatment, which 

was not pertinent to the questions in this review 

I-'alk 1985 ROT investigates activity measures of AN patients in a drug treatment, which was not pertinent to the questions 

in this review 

Fassino 2002 RCK of citalopram for AN compared to no-drug controls, which was not pertinent to the questions in this 

review 

Ferguson 1987 Single-case report of AN treated with fluoxetine, which was not pertinent to the questions in this review 

Ferguson 1999 Retrospective observational study (chart review) of SSRI versus no drug group AN patients, which was not 

pertinent to the questions in this review 

Frank 200) a Case reports of sertraline in underweight binge/eating purging type eating disorders, which was not pertinent to 

the questions in this review 

Gross 1981 RC T of lirium carbonate for AN, which was not pertinent to the questions in this review 

Gwirtsman 1990 Uncontrolled open clinical trial of fluoxetine in AN, which was not pertinent ro the questions in this review 

Halmi 1982 RCT of cyproheptadine and am imply line for AN (partial data of included study: Halmi el al, 1986) 

Halmi 1983 RCT of cyproheptadine and amitriptyline for AN (partial data of included study: Halmi ct at, 1986) 

Halmi 1 999 RCT of fluoxetine versus CBT for relapse prevention of AN (ongoing trial - abstract published in APA Conference 

Annals), which was nor pertinent to the questions in this review 

Holikamp 2005 Retrospective observational study (chart review) of SSRIs versus no drug treatment of child and adolescent AN, 
which was not pertinent to the questions in this review 

Hudson 1985 Open clinical trial, not randomized, of drug treatment (AD, litium carbonate, carbamay.cpinc) in AN patients, 

which was not pcrrincnt to the questions in this review 

Kaye 1991b Open label clinical trial of fluoxetine for relapse prevention of AN, which was not pertinent to the questions in 

this review 

Kaye 2001b RCT of fluoxetine for relapse prevention of AN, which was not pertinent to the questions in this review 

Moore 1977 Case report of amit riptyline in AN patient, which was not pertinent to the questions in this review 

Mum ford 1984 Single-case srudy of interaction of imipramine and CBT in the treatment of AN,which was not pertinent to the 

questions in this review 

Pallanti 1997 Uncontrolled open trial of citalopram in AN, which was not pertinent to the questions in this review 

Ricca 1999 Quasi-randomised study of venlafaxine versus fluoxetine in atypical anorectic patients, which was nor pertinent 

to the quesrions in this review 

Ruggicro 2003 Not-randomised, open controlled trial of nutritional management with and without fluoxetine in AN, which 

was not pertinent to the questions in this review 

Sanchez 1993 Uncontrolled, open trial of fluvoxamine in AN patients, which was not pertinent to the questions in this review 

Santonastaso 2001 Not randomised, open controlled trial of sertraline versus a no-drug group of AN patients, which was not 
pertinent to the questions in this review 
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Characteristics of excluded studies {Continued) 

Strobcl 2004 Retrospective observational study (clinical reports) of paroxetine versus clomipramine for AN (abstract informa- 

tion), which was not pertinent to the questions in this review 

Strober 1997a Naturalistic prospective longitudinal follow-up study of relapse prevention for AN (matched historical controls), 

winch was not pertinent to the questions in this review 

Strober 1999 Open label clinical trial of adjunctive fluoxetine for AN compared to matched historical controls* which was not 

pertinent to the questions in this review 

Vandcrcycken 1984 RCT of neuroleptic treatment, which was not pertinent to the questions in this review 



ANALYSES 
Comparison 01. ANTIDEPRESSANTS VS. PLACEBO 



Outcome title 



No. of No. of 
studies participants 



Statistical method 



Effect size 



01 Mean weight gain (kg) (high is 
better) 

02 Mean percentage of target 
weight at ly. follow-up (high is 
better) 

03 Knd of treatment mean 
percentage of ideal body weight 
(high is better) 

04 Number of patients not 
achieving target weight 

05 Rate of weight gain (kg/day) 
(high is better) 

06 Rate of weight gain (change in 
% of ideal body weight /day) 
(high is berrer) 

07 Time to achieve target weight 
(days) 

OS Absence of greater than 30% 
increase in weight (weight gain 
of 30% or less) 

09 End-point mean scores in 
Eating Disorder Scales 

10 Absence of greater than 50% 
response in antidepressant 
effect (50% response or less in 
SADS-C) 

1 1 End-point mean scores in 
Depression Scales 

1 2 Absence of greater than 50% 
response in anriobsessional 
effect (50% response or less in 
HSCL) 

13 End-point mean scores in 
Obsessive Subscale (SCL-90) 



Standardised Mean Difference (Random) 95% 
CI 

Standardised Mean Difference (Random) 95% 
CI 

Standardised Mean Difference (Random) 95% 
CI 

79 Relative Risk (Random) 95% CI 

Standardised Mean Difference (Random) 95% 
CI 

Standardised Mean Difference (Random) 95% 
CI 

Standardised Mean Difference (Random) 95% 
CI 

Relative Risk (Random) 95% CI 



Standardised Mean Difference (Random) 95% 
Ci 

Relative Risk (Random) 95% CI 



Standardised Mean Difference (Random) 95% 
CI 

Relative Risk (Random) 95% CI 



Standardised Mean Difference (Random) 95% 
CI 



Totals not selected 
Totals not selected 

'Totals not selected 

0.83 10.41, 1.67) 
Totals not selected 
Totals not selected 

Totals not selected 
Totals not selected 

Totals not selected 
'Totals not selected 

Subtotals only 
"Totals not selected 

Totals not selected 
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% jt a 1 C l c r\t\/ 

14 Absence or greater than 50% 


Relative Kisk ^Kanoomj v^vo ^^j 




response in antianxiety effect 






(50% response or less in SADS- 






C) 




- 

lotals not selected 


1 5 Absence of greater than 50% 


Relative Risk (Random) 95% CI 


response in clinical global effect 






(50% response or less in G. 






Improv. Scale) 






16 End-point mean scores in 


Standardised Mean Difference (Random) 95% 


Totals not selected 


clinical global improvement 


CI 




scale (CG J) 






17 Rates of non-completers 


Relative Risk (Random) 95% CI 


Subtotals only 


18 Number of patients reporting 


Relative Risk (Random) 95% CI 


Subtotals only 


side efTccis 






Comparison 02. ANTIDEPRESSANT VS. ANTIDEPRESSANT 






No. of No. of 


Effect size 


Outcome title 


studies participants Statistical method 


01 End of treatment mean BM1 


Standardised Mean Difference (Random) 95% 


^subrenals onlv 


(high is better) 


CI 




02 End of treatment mean 


Standardised Mean Difference (Random) 95% 


xuinid I*Ol 5CICl-lt.U 


absolute weigh l (high is better) 


CI 




03 Mean percentage of weight 


Standardised Mean Difference (Random) 95% 


Totals not selected 


increase (high is better) 


CI 




04 End- point mean scores in 


Standardised Mean Difference (Random) 95% 


Subtotals only 


Eating Disorders Inventory 


CI 




(EDI) 






05 End-point mean scores in 


Standardised Mean Difference (Random) 95% 


Subtotals only 


Hamilton Depression Scale 


CI 




(HRS-D) 






06 End-point mean scores in 


Standardised Mean Difference (Random) 95% 


Subtotals only 


Hamilton Anxiety Scale (MRS- 
A) 


CI 
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GRAPHS AND OTHER TABLES 



Analysis 01.01. Comparison 01 ANTIDEPRESSANTS VS. PLACEBO, Outcome 01 Mean weight gain (kg) 

(high is better) 

Review: Antidepressants for anorexia nervosa 
Companson. 01 ANTIDEPRESSANTS VS. Pl.ACX:GO 
Outcome: 0 1 Mean weight gam (kg) (h»gh :* beuer) 

Study placebo clomipramine Standardised Mean Difference (Random) Standardised Mean Difference (Random) 

N Mean(SD) N Mcan(SD) 95% CI 95% CI 

t.acey 1980 8 14.70 (1.60) 8 I 1.33 (5 37) 0.64 ( -0.37. 1.65 ] 

.. Li , „j. 1 t m m ■ , , 1 , , . — — 

-1.0 7.0 0 2.0 t.0 
favour* domo* amine favour* pl*colx> 
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Analysis 01,02. Comparison 01 ANTIDEPRESSANTS VS. PLACEBO, Outcome 02 Mean percentage of 

target weight at ly. follow-up (high is better) 

Review: Antidepressants for anorexsa ne«vosa 
Companion 01 ANTlD(iW:SSANTS VS. I»l ACGBO 

Outcome - 07 Mean percentage of targe i weigh: at I y. fo:!ow-up (high >s better) 

Siudy placebo ciom.pi amine Standardised Mean Difference (Random) Standardised Mean Difference (Random) 

N Mean(SD) N Meon(SD) 95% CI 95% CI 

i.acey 1 980 8 89.89 (8.38) 8 95.63 (6.04) -0.74 [ - 1 .77. 0.28 ) 



4.0 -7..0 0 2.0 4.0 
? avo;*-* f fomipraminc Favour placebo 



Analysis 01.03. Comparison 01 ANTIDEPRESSANTS VS. PLACEBO, Outcome 03 End of treatment mean 

percentage of ideal body weight (high is better) 

Review An -(depressant* for anorexia nervosa 
Companson: 01 ANTIDEPRESSANTS VS. Pl.ACEBO 

Outcome: 03 tnd of treatment mean percentage of ideal body weight (high is better) 

Study placebo fluoxetine StandaixJised Mean Difference (Random) Standardised Mean Difference (Random) 

N Mean(SD) N Mean(SD) 95% CI 95% Q 

Au.a 1998 16 87.40(1.70) IS 86.60(6.30) 0. M [0.^6, 0.8S ) 



-4.0 -20 0 20 4.0 
ravels fiutwctme ravoiro placrcuo 



Analysis 0 1 .04. Comparison 0 1 ANTIDEPRESSANTS VS. PLACEBO, Outcome 04 Number of patients not 

achieving target weight 

Review; Antidepressants for anorexia nervosa 
Comparison: 01 ANTIDEPRESSANTS VS. PI.ACEBO 
Outcome: 04 Number of patients not achieving target weight 

Study treatment placebo Relative Risk (Random) Weight Reiauve Risk (Random) 

n/N n/N 9S% CI (%) 95% CI 

Ail* 1998 1/15 1/16 f 344 1.07 ( 0.32.3.52] 

Nairn, 1986 6/23 9/25 6S.6 0.72 [ 0.3 1 . 1 .72 ] 

j 

Total (95% CI) 38 11 1 00.0 0.83 f 0.1 1 . 1 .67 ] 
Ibtal events: 10 (treatment), t 3 (placebo) ; 
Test for heterogeneity ch.- square "0.26 df- I p~-0.6l l J -0.0% 
lest fo* overall effect *~0.53 p-0.6 



O.Oi 0.I I >0 i00 

f-avoiji-j ueavnent f »voti» v pkiccbo 



Antidepressants for anorexia nervosa (Review) 

Copyright© 2006 The Cochrane Collaboration. Published by john Wiley & Sons, Ltd 



30 



Analysis 01.05. Comparison 01 ANTIDEPRESSANTS VS. PLACEBO, Outcome OS Rate of weight gain 

(kg/day) (high is better) 

Review: Antidepressants for anorexia nervosa 
Comparison- 01 AN TlDl: PRfc 5S ANT S VS. P(ACI:BO 
Outcome: OS Rate of weight gam (kg/day) (high is better) 



Siccl/ 



N 



placebo treatment Standardised Mean Difference (Random) 

Mear.(SD) N Mean(SD) 95% CI 



Standardised Mean Difference (Random) 
95% o 



Harm, 1986 16 
Lace/ 1980 8 



0.23 (0.12) 
0.21 (00.1) 



17 
8 



0.3! (0.17) 
0.17 (0.01) 



0.53 f -I.22. 0.I7] 
1 .07 f 0.00. 2.H] 



10 2.0 o ;.o 4.0 
favour* ircatmcitj favours placebo 



Analysis 01 .06. Comparison 0 1 ANTIDEPRESSANTS VS. PLACEBO, Outcome 06 Rate of weight gain 
(change in % of ideal body weight /day) (high is better) 

Review Antidepressants for anorexia nervosa 
Comparison. 0 1 AN'I IDGCM: SSANTS VS. PLACEBO 

Outcome: 06 Rate of weigh; gam (change in % of tdeai body weigh; /clay) (h>gh better) 



Study 



piacebo 
N Mean(SD) 



fluoxetine 
N Mean(SD) 



Standaidned Mean Difference (Random) 
95% Cl 



Standardised Mean Difference (Random) 
95% CI 



An* 1998 



16 



042 (0.11) 



15 



035(0.17) 



0.18 [• 0.2-1. 1.20] 



•4j0 2.0 0 20 4.0 
favours fluoxetine Favours placebo 



Analysis 01.07. Comparison 01 ANTIDEPRESSANTS VS. PLACEBO, Outcome 07 Time to achieve target 

weight (days) 

Review Antidepressants for anorexia nervosa 
Comparson 0 • AN 1 0-.W:SSAN I S VS. Pi.AO-BO 
Outcome 07 I'nie to achieve target we:glu (days) 



Study 



treatment 
Mean(SD) 



placebo 
Mean(SD) 



Standardised Mean Difference (Random) 
95% Cl 



Standardised Mean Difference (Random) 
95% Cl 



Maim* 1986 
I .ace/ 1980 



32 7.4 (17.37) 
76.00 (24.00) 



16 
8 



45.00(18.34) 
72.00(28.00) 



•0.70 ( -1.40. OX) I ) 
0.15 [-0.84. 1.13] 



■1.0 -2 JO 

favour v treatment 



0 2.0 4.0 
K-»vout > piacebo 
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Analysis 0 1 .08. Comparison 0 1 ANTIDEPRESSANTS VS. PLACEBO, Outcome 08 Absence of greater than 

30% increase in weight (weight gain of 30% or less) 

Koviuw An depressants for anorexia nervosa 
Comparer.- 0 1 AN TlDfcPRf: SSANTS VS. Pi AO: BO 

Outcome 08 Absence of greater than 30% increase m weight (weight gam of 30% or less) 

Study amyinpulaie piacebo Relative R»sk (Random) Relatrvc Risk (Random) 

n/N n/N 95% O 95% CI 

B.ederman 1 985 I i/l I 1 3/1 1 HB~ 1 08 [ 0.93. 1 .25 ] 

i i i 1 — i 

OS 07 I t.S 7 

Ti\r. ani>v«f>nl!nc F.wour$ placebo 



Analysis 0 1 .09. Comparison 0 1 ANTIDEPRESSANTS VS. PLACEBO, Outcome 09 End-point mean scores in 

Eating Disorder Scales 

llevufv.: Antidepressants for anorexia nervosa 
Compai-son. 01 ANTIDEPRESSANTS VS PLACEBO 
Outcome 09 l.r.d-pom; mean scores >n l.atinj* Disorder Scales 

Study fluoxetine placebo Standardised Mean Difference (Random) Standardised Mean Difference (Random) 

N Mean(SD) N Mean(SD) 95% CI 95% CI 

1 

01 Anorectic Behaviour Scale j 

At un 1998 15 38.50(11.60) 16 39.70(9.50) ~f~ -0. 1 1 [ -0.82, 0.59 ] 

02 Yakj- Br own Cornell Eating Disorder Scale j 

Au.a 1998 15 15.70(6.10) 1 6 M.80 (4.20) "~T~ 0.17 [ -0.54. 0.87 ] 

t 

03 rai.0ft Attitudes lest (f:A*l ) 

A::* 1998 15 37.10 (20.10) 16 30.80 (»7.50) - — 0.33 { -0.38. 1.01 ] 

04 Bod/ Shape Questionnaire (BSQ) 

Atua 1 998 I 5 1 09.30 (39.50) 1 6 I 1 9.40 (3 1 .50) r -0.28 ( -0.98. 0.43 ] 



-4.0 2.0 0 ?.-0 40 
favours lluuxcWJC Favours placebo 
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Analysis 01.10. Comparison 0 1 ANTIDEPRESSANTS VS. PLACEBO, Outcome 1 0 Absence of greater than 
50% response in antidepressant effect (50% response or less in SADS-C) 

Review: AmidcpnMsants for anoi exia nervosa 
Compacson: 01 ANTIDEPRESSANTS VS. PLACEBO 

Outcome: 10 Absence of greater than 50% response in antidepressant effect (S0% response or less in SADS-C) 

Study amiinptyune placebo Relative R«sk (Random) Relative Risk (Random) 

n/N n/N 95% Q 9S%C1 

fl.ederrr.an 1985 I l/l I ll/M 1 .27 f 0.97. 1.67 } 



02 J 7 5 

rav. AA-ifiripi/iinc f avours placebo 



Analysis 0l.il. Comparison 01 ANTIDEPRESSANTS VS. PLACEBO, Outcome I I End-point mean scores in 

Depression Scales 

Review: An: (depressants for anorexia nervosa 
Comparison: 01 ANTIDEPRESSANTS VS. PLACEBO 
Outcome* 1 I l-nd-pomt mean scores m Depression Scales 



Stcdy treatment placebo Standardised Mean Difference (Random) Weight Standardised Mean Difference (Random) 

N Mean(SD) N Mean(SD) 95% O (%) 95% CI 



01 Beck Depress or- Scate 

Ar.iA .998 iS i5.O0(U.30) 16 I 'TOO (8.90) 



Hainv 1986 



23 



13.10 (12.10) 75 13.60(9.80) 



Subtoyit (95% CI) 38 'I I 

Test for heterogeneity c»vsquare~0.09 df- I p-0.76 P -0.0% 

lest for overall effect *~0.05 p" I 

02 SCI. -90 Depression Subscale 

Au.a 1 998 15 2.30 ( 1 .00) 1 6 2.20 (0.80) 

Subtotal (95% CI) 15 16 
les: for heterogeneity: not applicable 
les: lo»*overa» efftx.t / :: Q30 p : -0.B 

03 Hamilton Depression Sea* 

1 Hakni 1986 16 11 10 (6.90) 20 1 770 (8.50) 

Subtotal (95% O) 16 7.0 
Vest for hetetogeneny: not applicable 
Test for overarf effect '/~ 1.32 p«0.2 



39.2 
60.8 
1000 



100.0 
100.0 



0.10 ( -0,61.0,80) 
-O.O'I { -0.6 1 . 0.52 ) 
0.01 00.43.0.45] 



100.0 0.M ( 0.60.0.81 ) 
100.0 0.U (-0.60.0.81 ] 



-0.15} -1.12. 0 22) 
-0.15 { -1.1 2, 0.22) 



•4.0 2.0 0 7X> 4.0 
favours ircatrocti Favour placebo 
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Anal/sis 01.12. Comparison 01 ANTIDEPRESSANTS VS, PLACEBO, Outcome 12 Absence of greater than 
50% response in antiobsessional effect (50% response or less in HSCL) 

Review Antidepressants for anorexia nervosa 
Companion* Oi ANTOilWiSSANIS VS. ftAOiBO 

Outcome: I 2 Absence of greater than S0% response m antiobsess.onai effect (S0% response or (ess in HSCL) 

Study amytnptrS.ne piacebo Relative Rtsk (Random) Relative Rjsk (Random) 

n/N n/N 9S% G 95% CI 

Biedertnan i 985 1 1 / 1 1 13/11 H8h 1 .08 ( 0.93. 1 .25 ) 



a5 07 I I. r j 7 

f av. amitr iptyfinc KavouTt placebo 



Analysis 0 1 .1 3. Comparison 0 1 ANTIDEPRESSANTS VS. PLACEBO, Outcome 1 3 End-point mean scores in 

Obsessive Subscale (SCL-90) 

Rev'Cv,: An;:dep>es>ams for anoxia ncivosa 

Company 0 i AN 1 lUfrPHU SSANTS V$. PlACt; liO 

Ouicomc: ! 3 find-pom mean scores in Obsessive Subscaie (SCL-90) 

Study fluoxetine placebo Standardised Mean Difference (Random) Standardised Mean Difference (Random) 

N Mean(SD) N Mean(SD) 9S% CI 95% CI 

Aura 1998 IS 1.90(1.00) 16 1.70(0.50) 025 [ -0/16. 0.96 ] 



.4.0 -20 0 7J0 4.0 
favour fHjoxctir^c favour* |>Urcbo 



Analysis 01.14. Comparison 01 ANTIDEPRESSANTS VS. PLACEBO, Outcome 14 Absence of greater than 
50% response in antianxiety effect (50% response or less in SADS-C) 

Rcvew Antidepressants for anoi-exia nervosa 
Comparison. 01 ANTIDEPRESSANTS VS PIACEBO 

Outcome: 1 4 Alienee of greater than S0% response in antianxiety effect {50% response or less m SADS C) 

Study amnnptyime placebo Relative Risk (Random) Relative Risk (Random) 

n/N n/N 95% CI 95% CI 

Biedermar 1985 t l/l I 12/M 9 1.17 ( 0.91, 1.14 ] 

i * -> 1 i 

o,a 0.5 \ 7 s 
fav. amflr ipiylino Favoyrj pteccbo 
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Analysis 01.15. Comparison 01 ANTIDEPRESSANTS VS. PLACEBO, Outcome I 5 Absence of greater than 
50% response in clinical global effect (50% response or less in G, Improv. Scale) 

Reviev*: An;:dei>rcssants for anorexia nervosa 
Companson* 0! ANTIDEPRESSANTS VS. PI.ACE80 

Outcome. 1 5 Absence of greater than 50% response :n clinical gJoba? effect (50% response or less in G. Improv. Scale) 

Study amnnptyime piacebo Relauve l\*sk (Random) Relative Risk (Random) 

n/N n/N 95% CI 95% CI 

ftedemwn 1985 10/H 13/11 "Br 0.98 [ 077. 1 .24 } 



02 0.S i 2 5 
Fev. ,vnnnpiyfc>c favours placebo 



Analysis 01.16. Comparison 01 ANTIDEPRESSANTS VS. PLACEBO, Outcome 16 End-point mean scores in 

clinical global improvement scale (CGI) 

Review: Antidepressants for anorexia nervosa 
Companion: 01 ANTIDEPRESSANTS VS. PI.ACEBO 

Outcome: 1 6 End-point mean scores m chnicai globai »mprovenem scale (CGI) 

Study fluoxetine placebo Standardised Mean Difference (Random) Standardised Mean Difference (Random) 
N Mean(SD) N Mean(SD) 95% CI 95% O 

An* 1 998 15 2.50 ( I '10) 1 6 2.80 ( 1 .50) — -0.20 { -0.9 1 . 0.5 1 ] 



1.0 2.0 0 2.0 1.0 
favours fluoxciKie f avoxirj placebo 
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Analysis 01.17. Comparison 01 ANTIDEPRESSANTS VS. PLACEBO, Outcome 17 Rates of non-completers 
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Analysis 01.18. Comparison 01 ANTIDEPRESSANTS VS. PLACEBO, Outcome 18 Number of patients 

reporting side effects 

Review- Antidepressants for anorexra nervosa 
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Analysis 02.01. Comparison 02 ANTIDEPRESSANT VS. ANTIDEPRESSANT, Outcome 01 End of treatment 

mean BMI (high is better) 

Revsew Antidepressant* for anorc>:<a ner vosa 
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Analysis 02.03. Comparison 02 ANTIDEPRESSANT VS. ANTIDEPRESSANT, Outcome 03 Mean percentage 

of weight increase (high is better) 

Review. Antidepressants for anorexia nervosa 
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Analysis 02.04. Comparison 02 ANTIDEPRESSANT VS. ANTIDEPRESSANT, Outcome 04 End-point mean 

scores in Eating Disorders Inventory (EDI) 
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Analysis 02.05. Comparison 02 ANTIDEPRESSANT VS. ANTIDEPRESSANT, Outcome 05 End-point mean 

scores in Hamilton Depression Scale (HRS-D) 
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Analysis 02.06. Comparison 02 ANTIDEPRESSANT VS. ANTIDEPRESSANT, Outcome 06 End-point mean 

scores in Hamilton Anxiety Scale (HRS-A) 

Review: Antidepressants for anorex:n nervosa 
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ABSTRACT 

Anorexia is associated with disorders of all systems. Anorexia represents a consistent clinical manifestation during acute 
and chronic pathophysiological processes (infection, inflammation, injury, toxins, immunological reactions, malignancy 
and necrosis). Anorexia during disease can be beneficial or deleterious depending on the timing and duration. Temporary 
anorexia during acute disease may be beneficial to an organism since a restriction in the intake of micro- and macro- 
nutrients win inhibit bacterial growth. Long-term anorexia during chronic disease, however, is deleterious to an organism 
and may be associated with cachexia, which can ultimately result in death. Various mechanisms participate in the anorexia 
observed during disease, including cytokine action. Anorexia induced by cytokines is proposed to involve modulation of 
hypothalamic-feeding associated sites, prostaglandin-dependent mechanisms, modifications of neurotransmitter systems, 
gastrointestinal, metabolic, and endocrine factors. In addition, the anorexia-cachexia syndrome is multifactorial and may 
involve chronic pain, depression or anxiety, hypogeusia and hyposmia, chronic nausea, early satiety, malfunction of the 
gastrointestinal system, metabolic alterations, cytokine action, production of other anorexigenic substances and/or iatrogenic 
causes (chemotherapy, radiotherapy). Cachexia may result not only from anorexia and a decreased caloric intake, but also 
from malabsorption and losses from the body (ulcers, hemorrhage, effusions), or a change in body metabolism. Research 
has focused on potential interventions to modify anorexia during disease and the anorexia-cachexia syndrome. Nutritional 
modifications and the use of specific steroids (such as megestrol acetate) are being tested in the clinical setting. Understand- 
ing the specific mechanisms responsible for anorexia during disease as well as their interactions is essential 10 develop 
interventions for the control of anorexia (during a critical time in a specific disease), and to devise less toxic immunothera- 
peutic regimens using cytokines. Nutrition 1996; 12:69-78 
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ANOREXIA DURING ACUTE AND CHRONIC DISEASE 



INTRODUCTION 

Acute (inflammatory, infectious) and chronic (neoplastic, ne- 
crotic, infectious) pathophysiological processes in the human and 
other species are frequently accompanied by anorexia. Anorexia 
is also one of the most common neurological manifestations ob- 
served during chemotherapy, radiotherapy and/or immunotherapy 
(for viral diseases, cancer or autoimmune processes) in humans. 
Anorexia also occurs as an adverse effect of numerous pharmaco- 
logical treatments (e.g., antihypertensive, digitalics, diuretics), and 
| during opiate withdrawal syndrome. 

I This article presents an integrative view of anorexia (loss of 
I appetite) (hat occurs as a clinical manifestation during acute and 
f chronic disease. Anorexia nervosa as a specific syndrome within 
1 eating disorders will not be discussed. Anorexia as a clinical mani- 
festation should also be discriminated from; i) decreased eating 
(or stopping eating prematurely) because of mechanical problems 
in gastric filling or emptying; ii ) sitophobia (fear of eating because 
of potential abdominal pain or other unpleasant sensations; psy- 
choneurotic abhorrence of food) that may be associated with, for 
example, regional enteritis or chronic mesenteric vascular insuffi- 
ciency; and odynophagia (pain upon swallowing), which can be 
associated with anxiety about eating; iii) food intolerances; and 
iv) early satiety (normal appetite followed by feeling of fullness 
after eating a small quantity of food). It is important to note, 
however, that early satiety is present in a significant number of 
patients with cancer exhibiting anorexia. 

ANOREXIA DURING DISEASE 

Anorexia is associated with disorders of all systems. It repre- 
sents a consistent clinical manifestation during infections and can- 
cer, and chronic pain from any source. Anorexia is associated with 
endocrine (for example, Addison's disease, hyperparathyroidism, 
panhypopituitarism, pheochromocytoma), gastrointestinal (gastric 
carcinoma, infectious processes, inflammatory bowel disease), he- 
patic (acute hepatitis), pancreatic, biliary (cholecystitis), renal 
(chronic renal failure and resulting uremia), pulmonary (chrome 
obstructive lung disease), cardiovascular (congestive heart fail- 
ure), immune, hematological, and neurological (hypothalamic) 
disorders as well as psychiatric illnesses (depression), nutritional 
deficits (iron, tttamin, folate and cyanocobalamin deficiencies) 
and others (e.g., connective tissue diseases including rheumatoid 
arthritis and systemic lupus erythematosus). Thus, anorexia is a 
nonspecific but prominent clinical manifestation in an extensive 
variety of clinical disorders. 

Short-Term Anorexia During Disease 

Anorexia during organic disease can be beneficial or deleteri- 
ous to an organism depending on the timing and duration. It seems 
inconsistent that anorexia occurs when die organism requires en- 
ergy to generate the acute phase response including fever. How- 
ever, force feeding during infection can increase morbidity and 
mortality.*- 2 Therefore, it is possible that the restriction in the 
intake of micro- and macronutrieats may be a role of the temporary 
anorexia during infection. For example, a decrease in the intake 
of iron concurrently to its sequestration in the liver and spleen 
during the acute phase response results in the decrease of circulat- 
ing iron levels. Since iron is essential to the growth and survival 
of pathogenic organisms, a decrease in .blood iron levels in the 
presence of fever will inhibit bacterial growth because bacteria 
proliferate by chelating free iron in the circulation. 3 

It is proposed that cytokines participate in the anorexia during 
disease (see below). Evidence shows that cytokine administration 
differentially affects macronutrient intake. InterIeukin-l/9-treated 
animals, for example, ingest relatively the same or more quantity 
of carbohydrate and significantly less protein, 4 * 3 whereas relative 
fat intake remains unchanged 4 or decreases. 5 This suggests that 



maintenance or enhancement of carbohydrate intake (with its rapid 
energy yielding) may be a response to the increased demands of 
the host produced by the acute phase response. 

Long-Term Anorexia During Disease 

Diseases with long-term anorexia may be associated with 
cachexia. Cachexia is characterized by a progressive wasting of 
adipose and muscle tissues accompanied by anorexia, malnutrition 
and body weight loss, asthenia, and anemia. Cachexia is observed 
in chronic pathological processes including cancer, 6 human immu- 
nodeficiency virus (HIV) infection, 7 chronic bacterial and para- 
sitic diseases, chronic inflammatory bowel disease, 6 chronic liver 
disease, 9 chronic obstructive pulmonary disease, 10 chronic cardio- 
vascular disease, 11 and rheumatoid arthritis." Cachexia devitalizes 
an organism, making it susceptible to secondary pathologies, and if 
uncontrolled, cachexia can ultimately result in death. The specific 
mechanisms of cachexia ( neurological, metaboucal, endocrinolog- 
ical) and their interactions are under intensive investigation. 

ANOREXIA DURING IMMUNOTHERAPY 
Anorexia is also induced by the exogenous administration of 
various cytokines in mammals, including immunotherapy in hu- 
mans. 131 * Evidence suggests that action of cytokines (immuno- 
modulators such as interleukin-1, tumor necrosis factor-**, inter- 
feron) and other immunomodulatory molecules" on peripheral 
and/or central nervous system target sites are part of the regulatory 
signals that induce anorexia. Cytokine-induced anorexia can be 
blocked with the appropriate receptor antagonists, ,6J7 monoclonal 
antibodies, 18 and other inhibitors. 19 This evidence suggests a role 
for cytokines in anorexia during pathophysiological processes. In 
addition to immunotherapy, radiotherapy and chemotherapy can 
also be associated with anorexia, emesis, and chronic nausea. 

RELATIONSHIP BETWEEN ANOREXIA AND OTHER COMMON 
NEUROLOGICAL MANIFESTATIONS 
Other neurological manifestations frequently occurring during 
acute disease include fever and sleep changes. These manifesta- 
tions, however, can be dissociated from anorexia. Cytokines ad- 
ministered into the brain (in the picogram-nanograra range) or 
peripheraUy (in the microgram range or during immunotherapy) 
induce anorexia, l6J3 - 20 fever, 21 sleep changes, and neuroendo- 
crine alterations 23 that resemble those observed during disease. 
These effects depend on the cytokine used, its concentration, and 
duration and timing of administration. Cytokine-induced and mi- 
crobialproduct-induced anorexia can be dissociated from their fe- 
ver-inducing effect/ u * ja - 24 - a6 For example, sodium salicylate and 
other antipyretics block fever induced by bacterial endotoxin (a 
lipopoly saccharide) but do not restore appetite. This is consistent 
with the clinical observation that patients receiving antipyretic 
therapy exhibit anorexia. Evidence also shows that the threshold 
of cytokine concentrations required to induce anorexia is lower 
relative to the threshold needed to induce fever. 

Anorexia, pyrogenesis, and somnogenesis during acute disease 
are interactive (and probably essential) contributors to the host 
recovery from disease. Fever can suppress the growth of microor- 
ganisms and enhance immunological responses by heightening 
mononuclear cell and lymphocyte activities and antibody synthe- 
sis. 27 Increased sleep is evident during infectious diseases. Sleepi- 
ness during disease decreases the activity of an individual, re- 
sulting in the conservation of energy. Better prognosis and a reduc- 
tion of pathophysiological indicators of infectious processes are 
cqrrelated with enhanced sleep. 28 

The activation of the immune system during disease is accom- 
panied by activation of the neuroendocrine system. 25 Feedback 
loops in the hypomalamic-pituitary-adrenal gland axis involve cy- 
tokines. Various cytokines induce the synthesis and release of 
corticotropin-releasing factor from the hypothalamus, ACTH from 
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the pituitary, and glucocorticoids from the adrenal glands. The 
increased levels of circulating glucocorticoids in turn inhibit sev- 
eral immune system functions (and inflammatory responses) in- 
cluding the synthesis and release of interleukin-1 and tumor necro- 
sis factor-a 25 This physiological immunosuppression may prevent 
overresponsiveness of the immune system. 

MECHANISMS RESPONSIBLE FOR ANOREXIA 
Feeding behavior involves a variety of psychological factors, 
neuronal and humoral mechanisms, and gastrointestinal, meta- 
bolic, and nutrient factors, 30 During pathophysiological processes, 
modifications in one or more various components participating in 
the regulation of feeding will result in anorexia. Although periph- 
eral and central mechanisms may be involved in anorexia during 
disease, the loss of appetite will eventually result from modifica- 
tions in the final common pathway for appetite control that de- 
pends on central nervous system mechanisms. 

How anorexia is induced in a specific disease or which factors 
are predominantly responsible for anorexia in a disease is incom- 
pletely understood. However, various factors and mechanisms 
have been proposed to participate in the anorexia observed during 
disease including cytokine action. For example, anorexia induced 
by interleukin-la or A0 has reported to involve the following; 
cytokine action in peripheral and central nervous system target 
sites; modulation of hypothalamic-feeding associated sites; 3 ' 12 
prostaglandin-dependent mechanisms; 13 ' 36 modifications of neu- 
rotransmitter systems (catecholamines, serotonin) i 37 - 3 * gastroin- 
testinal (inhibition of gastric motility, 2439 gastric emptying 40 and 
gastric acid secretion,* and modulation of intestinal motility 42 ) 
and endocrine (corticotropin-reteasing factor, 43 cholecystokinin, 44 
glucagon and insulin 45 ) factors. 

Characterization of interactions between cytokines and pep- 
tides is also essential to understand cytokine- and disease-induced 
anorexia. For example, evidence shows that hypothalamic concen- 
tration and release of neuropeptide Y (a potent orexigenic or 
feeding-stimulating factor) is reduced in anorectic tumor-bearing 
rats. 46 Neuropeptide Y is also a less potent stimulator of feeding 
in tumor-bearing rats relative to the control animals; this deficit 
in neuropeptide Y action may result from a hypothalamic decrease 
of neuropeptide Y receptor affinity (which decreases progressively 
as the rats become more anorectic) . 47 On the other hand, a correla- 
tion between food intake and cerebrospinal fluid interleukin-1 
concentrations in anorectic tumor-bearing rats has been reported. 4 * 
These studies suggest the presence of a central nervous system 
deregulation of neuropeptide Y feeding-related mechanisms asso- 
ciated with an enhanced interleukin-1 activity in tumor-bearing 
rats. This is also supported by evidence showing that intracerebro- 
ventricularly administered neuropeptide Y blocks and reverses the 
anorexia induced by the intracerebroventricular adrninistration of 
interleukin-1/? at estimated pathophysiological and pharmacologi- 
cal (cerebrospinal fluid) concentrations in rats. 146 Blockage and 
reversal of interleukin*l/3-induccd anorexia by neuropeptide Y 
suggest the importance of studying endogenous cytokine-peptide 
interactions in the regulation of feeding. Understanding these inter- 
actions may produce strategies with potential therapeutic implica- 
tions for chronic diseases associated with long-term anorexia. 

Anorexia Induced by Cytokines and Microbial Products 

Infections, injury (burns, trauma), toxins, acute and chronic 
inflammatory processes, immunological reactions, malignancy, 
and necrosis stimulate the synthesis and release of cytokines in 
various cell systems. 43 ' 49 Cytokines participate in the acute phase 
response characterized by local and systemic reactions including 
anorexia. Pathophysiological processes and immunotherapy with 
cytokines are associated with anorexia. Therefore, anorexigenic 
cytokines (interleukin-1, 16 - 20 interleukin-6. 50 tumor necrosis fac- 
tor-a, 2 *' 2 interferon, 23 interleukin-8, 18 and other chemokines/in- 



tercrines, 51 and platelet activating factor 50 ) could participate in 
the anorexia observed during pathophysiological processes and 
immunotherapy. 

Peripheral administration (intravenous, intraperitoneal, or sub- 
cutaneous) of cytokines induces anorexia in humans and animals. 
Administration of microbial products that induce anorexigenic 
cytokine release also results in anorexia. These microbial products 
(bacterial endotoxin or a lipopolysaccharide from gram-negative, 
and muramyl dipeptide from gram-positive bacteria) are potent 
anorexigenic agents, 32,53 an effect that could be direct and/or medi- 
ated by anorexigenic cytokines (interleukin-1, interieukin-6, in- 
terleukin-8, tumor necrosis factor-a). The anorexigenic effect of 
endotoxin and muramyl dipeptide could participate in the anorexia 
observed during gram-negative and gram-positive infections, re- 
spectively. Dr. Wolfgang Langhans (Swiss Federal Institute of 
Technology, Switzerland) will focus his contribution to this series 
on this issue, that is, the clinical implications of the modulation 
of ingestive behavior in response to bacterial products. 

In animal models, administration of cytokines into the third 
cerebral ventricle (i.e., close to the critical hypothalamic regions 
that participate in the regulation of feeding and drinking) induces 
anorexia at estimated pathophysiological concentrations (pico- 
gram-low nanogram range: femtomolar~.picomolar range) re- 
ported in the cerebrospinal fluid or brain. j6 - fa - 25 ' 50 Because the pe- 
ripheral administration of cytokines consistently requires doses in 
die microgram range to induce anorexia, the data suggest that low 
doses of cytokines administered into the brain induce anorexia by 
direct action in the central nervous system. It is important to 
note, however, that insufficient evidence is available in humans 
to establish any conclusion regarding the relationship between 
cytokine concentrations in body fluids and anorexia. In addition, 
cytokines acting in an autocrine and/or paracrine manner during 
disease may induce neurological manifestations without exhibiting 
increased concentrations in the circulation. The availability of 
commercial systems will provide information on the autocrine- 
paracrine-endocrine mechanisms involved in cytokine action, as 
well as the determination of cytokines as markers of diagnosis, 
prognosis, and/or therapeutic efficacy during different diseases. 

The administration of a particular cytokine may induce the 
secondary release of other cytokines. Based on the evidence, a 
multi-cytokine interaction inducing anorexia during disease is pro- 
posed. This is supported by the following: (I) The interaction 
among cytokines that occurs during activation of the immunoregu- 
latory network. (2) The synergistic cytokine interactions inducing 
anorexia. 20 * 54 These studies have shown that interleukin-la or 0 
and tumor necrosis factor-a have a synergistic effect in inducing 
anorexia. (3) The evidence demonstrating that only a subset of 
cytokines released during activation of the immune system induces 
anorexia. 51 (4) The data indicating that various categories of cyto- 
kines have different potencies inducing anorexia [interleukin-1, 
for example, is significantly more potent (p < 0.01 ) in suppressing 
feeding relative to other cytokines J.' 6 - 51 (5) The different alter- 
ations in the rnicrostrucrurc of feeding (assessed by computerized 
behavioral-monitoring systems) induced by various cytokines in 
rodents at estimated pathophysiological concentrations. l6,,fi - 23 - 35 In- 
terleukin-10 induces short- arid long-term anorexia by reducing 
meal size and meal duration at estimated pathophysiological con- 
centrations in the cerebrospinal fluid, 16 and at pharmacological 
concentrations by also decreasing meal frequency,* 6 while inter- 
feron induces anorexia by reducing meal size and meal duration, 25 
and interleukin-8 by reducing meal size exclusively. 18 These pre- 
cise changes in meal parameters suggest differential actions of 
imcrleukin-1/?, interferon and interleukin-8 in central nervous sys- 
tem feeding-associated sites. In a subsequent paper of the series. 
Dr. Akira Uehara ( Asahikawa Medical College, Japan) will elabo- 
rate on this issue, specifically on the interaction between cytokines 
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and the control of ingesti ve behavior including the clinical implica- 
tions. 

Action of Cytokines in the Brain and Anorexia 

Intensive research focuses on the source of cytokines in the 
brain. Cytokines can affect the central nervous system to induce 
anorexia and other neurological manifestations via: ( 1 ) transport 
of cytokines from the peripheral circulation to the brain-cerebro- 
spinal fluid across the circumventricular organs — which lack a 
blood-brain barrier — and possibly through the blood-brain bar- 
rier; 56 (2) release of cytokines from immune system cells that 
can cross the blood-brain barrier during neurological pathophysio- 
logical (e.g., inflammatory) processes; 57 (3) generation of chemi- 
cal mediators (e.g., prostaglandins) and release of humoral factors 
(e.g., peptides) that can act on peripheral and/or central nervous 
system target sites; (4) afferent signaling through the peripheral 
and autonomic nervous systems, 58 as has been demonstrated for 
other peptides; and (5) local brain -spinal cord production of 
cytokines from intrinsic (brain) macrophages, 5 * endothelial cells 
of the cerebro vasculature, 45 microglia," astrocytes, 61 and possibly 
neuronal components, 62 " 64 in response to the appropriate stimula- 
tion. Locally produced cytokines in the brain have been demon- 
strated to regulate intrinsic feedback systems through paracrine, 
yuxtacrine and autocrine mechanisms 45 and to induce neurological 
manifestations ( l6J 8,75 ) , 

A variety of important neuroanatomical substrates participate 
in the regulation of feeding, including hypothalamic areas/nuclei 
(e.g., arcuate, dorsomedial. lateral, paraventricular, ventromedial) , 
brainstem nuclei/areas (e.g., area postrema, catecholaminergic 
brainstem neuronal groups, dorsal motor nucleus of the vagus, 
locus coeruleus, nucleus ambiguus, nucleus tracrus solitarius, para- 
brachial nuclei, raphe nuclei), neuroanatomical sites associated 
with sensory and chemical senses, cortical areas, hippocampus, 
amygdala, nucleus accumbens, substantia nigra, caudate nucleus- 
putamen (striatum) and globus pallidus, ventral tegmental area, 
and integrative sympathetic and parasympathetic pathways. These 
neuroanatomical sites and pathways operate in an integrative man- 
ner to prepare the animal to focus on and select external stimuli 
(sensory systems and chemical senses), activate feeding related 
responses and sensory-motor feedback systems, and activate re- 
ward, satiety, aversion and other processes. One of the best-studied 
neuroanatomical feeding-associated brain sites is the hypothala- 
mus. Hypothalamic neurotransmitter/ neuropepdde/ neurornodula- 
tory feeding-associated mechanisms have been studied. For exam- 
ple, various cytokines aci directly and specifically on hypothalamic 
feeding-associated sites to induce anorexia. Cytokine-induced an- 
orexia involves the modulation of specific neurons that are pro- 
posed to participate in the control of feeding, i.e., glucose-sensitive 
neurons in the lateral hypothalamic area (LHA) 32 and hypotha- 
lamic ventromedial nucleus (VMN). 65 This model predicts that 
inhibition of LHA and activation of VMN will result in anorexia. 
Application of interleukin-1/ 5 or tumor necrosis factor-** specifi- 
cally and reversibly suppresses the neuronal activity of the glu- 
cose-sensitive neurons in the LHA, 32 while interleukin-1/?- or 
interferon-a excites the glucose-sensitive neurons in the VMN. 65 
lnterleukin-l£, tumor necrosis factor-** and interferon-a have little 
effect on the glucose-insensitive neurons in the LHA and VMN, 
indicating specificity of action. 

At the molecular level* pathophysiological concentrations of 
interleukin-ljff (observed in the cerebrospinal fluid of patients with 
human immunodeficiency virus infection and bacterial meningitis) 
inhibit the neuronal voltage-gated calcium channel currents. 66 This 
action of interleukin-1/? is prevented by the concomitant applica- 
tion of interleukin-1 receptor antagonist (a competitive inhibitor), 
suggesting mediation through a direct interaction with an interleu- 
kin-1 membrane receptor site. 66 The modulation of the inward 
calcium channel current (and hence calcium permeability) by 



interleukin-1/? may play a role in regulating neuronal excitability 
and neurotransmitter release-associated mechanisms. This is sup- 
ported by the characteristics of the interleukin-I/9-induced long- 
lasting LHA and VMN neuronal activity modulation that may be 
associated with the long-term anorexia induced by the cytokine, 
A decrease in calcium influx in LHA glucose-sensitive neurons 
may result in inhibition, while a decrease in calcium influx in 
VMN glucose-sensitive neurons may inhibit the defined calcium- 
dependent potassium conductance in these neurons, leading to 
maintenance of intracellular potassium, then depolarization and 
increase in neuronal activity. 

Taste Aversion and Anorexia 

It is proposed that taste aversions may contribute to the an- 
orexia observed during gram-positive or gram-negative bacterial 
infection, 67 or during cytokine (interleukin-1/?, tumor necrosis 
factor-a) administration. 58 However, the development of condi- 
tioned taste aversions in response to the cerebral ventricular ad- 
ministration of interleukin-10 in the rodent has been reported only 
with high doses of the cytokine. 68 - 69 In fact, the aversive effect 
of peripherally adrninistered interieukin-l/3 is rather weak, and 
presumably not involved in the anorexic effect of interieukin- 
1 . 70 Nevertheless, because endogenous cytokine interactions occur 
during disease, it remains to be determined whether the cytokine 
network induces anorexia through taste aversions in vivo. Clinical 
data suggest that patients with cancer can develop learned aver- 
sions to specific foods eaten during the growth phase of the tumor 
or as a reaction the nausea-inducing chemotherapy. Unpalatability 
and aversion to meat are predominant. In fact, it is recommended 
that patients under chemotherapy avoid protein-rich foods, which 
have a higher probability of inducing aversions relative to the 
carbohydrate-rich foods. 

MECHANISMS OF CACHEXIA 

Anorexia is pivotal to the condition of cachexia. Anorexia- 
cachexia syndrome in cancer patients may result from pain, de- 
pression or anxiety, hypogeusia and hyposmia (and other taste and 
olfaction abnormalities), chronic nausea, vomiting, early satiety, 
malfunction of the gastrointestinal system (due to direct tumor 
encroachment, delayed digestion, malabsorption, gastric stasis and 
associated delayed emptying, and/or atrophic changes of the mu- 
cosa), metabolic shifts, cytokine action, production of other an- 
orexigenic substances by tumor cells, and /or iatrogenic causes 
such as chemotherapy and radiotherapy. The main consideration is 
that the anorexia-cachexia syndrome is multifactorial and involves 
metabolic and immune changes (mediated either by the pathologi- 
cal process, i.e., tumor, or by host-derived chemical factors), and 
does not depend on a single cause. In addition, cachexia may 
result not only from anorexia and a decreased caloric intake, but 
also from malabsorption and losses from the body (ulcers, hemor- 
rhage, effusions) or a change in the body metabolism. In any 
case, the major deficit of a cachectic organism is a negative energy 
balance in which food intake is less than energy output, resulting 
in a net loss of body weight. 

Cytokines and Cachexia 

A brief description on this issue is presented. Dr. Patrick Mat- 
thys (Rega Institute. Belgium) will discuss the relationship be- 
tween cytokines and the induction or progression of cachexia in 
a later article of the series. 

Cytokine-induced anorexia is proposed to participate in the 
development of cachexia during various diseases. Interleukin- 
l, 71,71 interleukm-6* 73-75 [and its subfamily members such as ciliary 
neurotrophic factor 76 ' 78 and leukemia inhibitory factor, 73 which 
induce anorexia with different potencies and effectiveness 145 ], in- 
terferon- y, 79 - 80 tumor necrosis factor-a, 6 - 7 '* 1 and brain-derived 
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neurotrophic factor 82 have been associated with various cachectic 
animal models. 

The lines of evidence implicating cytokine involvement in 
cachexia include the following. (1) Tumor necrosis factor-a 
transgenic mice. 43 (2) Passive immunization against cytokines in 
cachectic tumor-bearing rodents. 74 - 79 * 84 Treatment of rodents bear- 
ing tumors with monoclonal antibodies against the interleukin-1 
receptor or tumor necrosis factor-** inhibits tumor growth and 
improves feeding significandy. 72 These effects, however, have not 
been observed in all animal models of cancer cachexia, 79 (3) 
Inoculation of mice with cytokine-producing tumor cells. 80 -* 5 Oliff 
et al., 85 for example, compared the effects of the tumor necrosis 
factor-or-secreung tumor to those of the same tumor without the 
gene for tumor necrosis factor-or; in this study, mice bearing the 
tumor necrosis factor-a-secreting tumor developed progressive an- 
orexia and body weight loss relative to the animals bearing the 
tumor without the gene for tumor necrosis factor-a. 8 * (4) Trans- 
plants of malignant tumors into rodents. 48,86 (5) Data suggesting 
a link between cerebrospinal fluid interleukin-1 concentrations and 
the progression of anorexia in tumor-bearing rats. 48 Elevated levels 
of circulating tumor necrosis factor-a have also been repotted in 
tumor-bearing rats, and levels correlate with parameters of 
cachexia and return to normal following resection of the tumor. 79 
In any case, the development of cachexia may imply a chronic 
multi -cytokine interaction. It is important to note that, in animal 
studies, chronic administration of interleukin-la or -1/? is accom- 
panied by the development of tolerance to the anorexic effect. 87 *" 89 
Tolerance is not observed when interleukin-1/? is injected re- 
peatedly (every 2nd day, i.e., when the anorexic effect of the 
preceding dose has subsided), 69 and in fact, repeated intraperi- 
toneal injections of interleukin-l/3 result in sensitization to the 
anorectic effect of interleukin-1/?. 55 It is possible that tolerance 
during the chronic infusion develops through receptor mecha- 
nisms such as the receptor-mediated endocytosis and associated 
down-regulation, activation of a decoy receptor, and receptor 
negative cooperativity to maintain cytokine sensitivity at low 
concentrations but attenuation of the response with higher con- 
centrations. Generation of inhibitory signals with high concen- 
trations, an increase in the degradative capacity of the cytokine 
administered, and involvement of endogenous glucocorticoids 
are also factors to be considered; antibodies to the interleukin- 
l preparation used are not significantly detected, 89 suggesting 
that a humoral immune response may not be involved in the 
development of tolerance. 

Human studies also support cytokine involvement in 
cachexia. Controversy has been focusing on the requirement of 
increased cytokine concentrations in the circulation or other 
body fluids (e.g., cerebrospinal fluid) to demonstrate cytokine 
involvement in cachexia. (For example, studies using the 
cachexia-inducing murine tumor MAC16 model system have 
not supported the involvement of tumor necrosis factor-a or 
interleukin-6 in cachexia; 90 * 9 ' and cancer patients in various 
studies have not exhibited increased circulating levels of cyto- 
kines.) Cytokines, however, not only act in an endocrine fash- 
ion, but also in paracrine (on neighbor cells), autocrine (on 
the same cell) and intracrine (inside the cell that produces it) 
manners, activities that cannot be detected in the circulation. 
In fact, paracrine interactions represent a predominant cytokine 
mode of action. This suggests that cytokines may be involved 
in cachectic processes not associated with increased cytokine 
concentrations in the circulation. This explanation may account 
for the inconsistent finding of circulating cytokines in cachectic 
patients. Various studies, however, have associated pathologi- 
cal processes with increased levels of cytokines (serum and/ 
or cerebrospinal fluid) in a number of patients with: (i) various 
types of cancer i 6 * 92,95 (ii) the HIV syndrome; 7 * 94 ' 96 (in) chronic 
inflammatory bowel disease; 8 (iv) chronic liver disease; 9 (v) 



chronic obstructive pulmonary disease; 10 (vi) cardiac cachexia 
(during congestive heart failure); 11 and (vii) the flaring phase 
of rheumatoid cachexia 12 and juvenile rheumatoid arthritis. 97 

Cytokines and Metabolic Alterations in Cachexia 

Dr. MJ Tisdale (Aston University, UK) will elaborate on the 
metabolic alterations associated with cachexia in a subsequent arti- 
cle of llw scries. 

Here, a brief description is presented to comply with the objec- 
tive of integration of the topic on anorexia during acute and chronic 
disease. Acute disease and the anorexia-cachexia syndrome are 
associated with a myriad of metabolic alterations including hypertri- 
glyceridemia and Upolysis, which may be prominent. Cytokines 
(interleukin-I^, interleukin-6, tumor necrosis factor-or, interferon) 
increase the rate of lipolysis 98,99 and modify lipoprotein lipase activ- 
ity. ,C0 Cytokine-induccd hypertriglyceridemia occurs in vivo, 99,101 It 
has been suggested that hypertriglyceridemia and other changes in 
lipid metabolism during infectious disease may be beneficial to the 
host, as Lipoproteins can decrease the toxicity of bacteria and viruses 
by binding, for example, Upopolysaccharide. 99 • ,0, During anorectic/ 
cachectic conditions, the organism maintains triglyceride-rich lipo- 
proteins to sustain the protective effects of lipoproteins. 101 Lipid 
mobilization also may be required to sustain (he elevated relative 
energy expenditure observed in cancer patients. 102 

Cachexia is also accompanied by other metabolic alterations. 
Protein turnover is accelerated with elevated hepatic protein synthe- 
sis and increased skeletal muscle breakdown. These changes in 
protein and lipid metabolism result in the loss of body protein and 
fat mass with the gain in total body water. 103 Cytokines (e.g,, tumor 
necrosis factor-a) also induce alterations in protein metabolism. In 
an ensuing article of the series, Dr. Pierre Demacker and Dr. Jos 
WM van der Meer (St. Radboud University Hospital, The Nether- 
lands) will discuss on the clinical implications of the effects of 
cytokines on carbohydrate, lipid and protein metabolism. 

In general, increased resting energy expenditure in body-weight- 
losing cancer patients lias been consistently reported m despite the 
reduced dietary intake, indicating a systemic dysregulation of host 
metabolism. This is in contrast to the lower metabolic rates and 
adaptation that normal subjects exhibit after starvation. During 
cachexia, the organism is maintained in a constant negative energy 
balance. This can rarely be explained by the actual energy and 
substrate demands by tumors in patients with cancer. Chemical 
factors derived from tumor or host cells (peptides, cytokines) have 
been proposed to participate in the anorexia and other manifestations 
observed during cachectic processes. Neurotransmitters (e.g., sero- 
tonin) and their precursors (e.g., tryptophan) may also play im- 
portant roles in cancer anorexia. 104 Parabiotic models have shown 
that anorexia in a tumor-bearing animal can be transmitted via the 
circulation to a non-tumor-bearing partner with the resulting body 
weight loss in both partners. Tumor-derived products including 
lipid-mobilizing factors have been implicated in the development 
of cachexia in animal models and in humans.' 05 Tumor-derived 
factors with anorexi genie activity include bombesin (produced by 
small cell lung cancer) and serotonin (produced by bronchial and 
gastrointestinal carcinoid tumors). 

Based on the metabolic changes occurring in cachexia, it is 
possible that anorexia may be the result of the catubolic process, 
cytokine release and chemicals released by the tumor. Therefore, 
anorexia may be involved as partly the cause and partly the conse- 
quence of metabolic changes that occur in cachexia. 

MODIFICATION OF ANOREXIA DURING ACUTE AND CHRONIC 
DISEASE 

Anorexia during acute disease (e.g., infections) could be bene- 
ficial to an organism. Anorexia during chronic disease, however, 
could be deleterious to an organism. It is recognized that malnour- 
ished patients have lower prognosis and a higher incidence of 



74 



ANOREXIA DURING ACUTE AND CHRONIC DISEASE 



complications. Research has been focusing on developing poten- 
tial interventions to modify anorexia during chronic disease and 
the anorexia-cachexia syndrome. Two of these approaches are 
under intensive clinical investigation: nutritional modifications and 
the use of specific steroids. 

Modification of Anorexia Through Nutritional Substrates 

Dietary factors, and enteral and parenteral nutrition modify the 
production and activity of cytokines. 105 In healthy human volun- 
teers, dietary fish oil [rich in the long-chain u>-3 (or n-3) polyun- 
saturated ratty acids] supplementation inhibits the in vitro produc- 
tion of interleukin-1 , xmM interieukin-6, 107 and tumor necrosis fac- 
tor-a. ,w Supplementation with u>-3 fatty acids also significantly 
reduces in vitro production of interleukin-1 £ t interleukin-6 and 
tumor necrosis factor-or in both healthy young and older women, 
with a greater reduction in older women; m the reduction in in- 
terleukin-2 production is significant only in the older population, 
which also exhibits a decreased T-cell mitogenesis. Clinical 
studies have also reported that dietary supplementation with u/-3 
fatty acids decreases in vitro production of inteiieukin- 1 from 
monocytes of rheumatoid arthritis patients. 110 

The inhibition of cytokine production by o>-3 fatty acids is a 
long-lasting phenomenon. In the study of Endues et al., 108 the 
release of interleukin-!ar and -1£, and tumor necrosis factor-** 
was further inhibited 10 wk after the end of the u^3 fatty acid 
supplementation; production of cytokines returned to the presup- 
plementary u>-3 fatty acid level 20 wk after the end of the supple- 
mentation. 108 

Long-chain u~3 (or n-3) polyunsaturated fatty acids include 
eicosapemaenoic (C20:5u>-3) and docosahexaenoic (C22:6a/-3) 
acids that derive from ar-linolenic acid (C18:3w-3) and undergo 
biological transformation to trienoic eicosanoids. These eico sa- 
rcoids alter the production of inflammatory mediators (including 
cytokine production). Suppression of cytokine production occurs 
by inhibiting the cyclooxygenase pathway, hence prostaglandin 111 
and leukotriene ,,MI2 synthesis. Eicosapemaenoic acid is a potent 
suppressor of cytokine (interleukin-1 1 -2, -6 and tumor necrosis 
factor-a) secretion in vitro and also inhibits T-ceH proliferation. 113 
Eicosapentaenoic acid competes for the incorporation of arachi- 
donic acid in membrane phospholipids and inhibits the conversion 
to prostanoids. Eicosapentaenoic acid can be converted to 3 -series 
prostanoids or 5-series leukotrienes which differ in potency rela- 
tive to the analogous 2nd and 4th series. For instance, leukotriene 
B 3 , by competition with leukotriene B 4 , reduces the inflammatory 
response, and prostaglandin E3 and leukotriene B 3 are more effec- 
tive than prostaglandin E2 and leukotriene B 4 in reducing lympho- 
cyte proliferation. 114 The evidence also suggests that the action of 
eicosanoids on cytokine production may differ depending on the 
type (and concentration) of eicosanoid involved. Thromboxane 
B 2 , for example, depending on its dose, may have both inhibitory 
or stimulatory effects on the synthesis of interleukin-2. m 

Feeding of fish oil also d^rninishes the biological activities of 
cytokines, including the anorexigenic effect induced by interleu- 
kin-1 33 and tumor necrosis factor-** 115 in animal models. Dietary 
un3 fatty acid supplementation also inhibits pyrogenic and thermo- 
genic responses to interleukin-1/? in rodents. 116 A fish oil-enriched 
diet significantly inhibits the tumor-induced weight loss in animal 
models with tumor-induced cachexia. 117 Eicosapentaenoic acid in- 
hibits lipolysis in adipocyte cultures from cachectic animals, 118 
suggesting an action in preserving body weight. (Based on the 
previous description, the model predicts that inhibition of the 
cyclooxygenase pathway, hence prostaglandin synthesis, will be 
associated with a decrease of various biological activities induced 
by interleukin-1^. In fact, previous studies have shown that ibu- 
profen, indomethacin, and other inhibitors of prostaglandin synthe- 
sis attenuate the anorexia induced by the peripheral administration 
of interleukin-1/?. 33 " 36 Both cyclooxygenase and lipoxygenase in- 



hibitors are effective. 34 It remains to be determined whether these 
findings are replicable under various conditions associated with 
short- and long-term anorexia.] 

Studies show, however, that different classes of lipids differen- 
tially modify the synthesis and biological actions of cytokines 
(resulting in immunosuppression and antinfl animation, or in irn- 
munoenhancement) depending on the lipid subclass, amount, du- 
rations of supplementation, combination with other nutrients such 
as total parenteral nutrition, immune cell activation, in vitro versus 
in vivo systems, and biological idiosyncrasy (age, weight, sex, 
diet and activity ). I06J 19 For example, dietary supplementation with 
6^-3 fatty acids significantly reduced the content of interleukin-1/? 
in lysates of PBMC, but did not affect PBMC or monocyte secre- 
tion of interleukin-1/?, tumor necrosis factor-a, prostaglandin E2 
and leukotriene B 4 in healthy human subjects or in patients with 
insulin-dependent diabetic mellitus. 120 

The distinct actions of different lipids on immune system activ- 
ities are under continuous investigation addressing the potential 
modes of action (e.g., modulation of eicosanoid production, 
changes in cell membrane structure (with its consequences on the 
membrane fluidity, receptor number and functioning, and mem- 
brane bound enzyme activities), and altered production and action 
of cytokines). 

Therefore, nutritional modifications have the potential to influ- 
ence anorexia and cachexia during chronic disease. Most feeding 
trials in human, however, have been of short duration (e.g., up to 
12 wk), but because no major adverse effects have been reported 
and since the modifications at the cellular and physiological levels 
seem to be sustained, the potential applicability in anorexia and 
other neurological manifestations has to be approached with stud- 
ies at the molecular, cellular, supracellular and clinical levels. 

Dietary supplementation with w-3 fatty acids affects various 
physiological and pathophysiological events, and thus its applica- 
bility to chronic disease states should include consideration of 
the extensive implications. For instance, w-3 fatty acids are also 
essential for brain function in humans and other species. Mem- 
brane brain cells and organelles are extremely rich in w-3 fatty 
acids. Because membrane levels of w-3 fatty acids can influence 
behavioral, cognitive, and other functions, the state of well-being 
of a cachectic individual may also be improved through w-fatty 
acid supplementation. Future well-controlled animal and clinical 
studies are required to assess the benefits (or potential disadvan- 
tages in older populations because of its suppressive effect on 
cell-mediated immunity) of dietary supplementation with u-3 fatty 
acids in specific chronic disease conditions. 

It is important to note that the emphasis of this discussion has 
been on the modification of anorexia through certain fatty acids. 
Aggressive parenteral or enteral nutrition has been attempted in 
patients with cancer cachexia and malnutrition. However, no con- 
clusive effects have been shown on the overall patient survival, 
tumor response, adverse effects induced by antineoplastic therapy, 
and tumor growth. 

Modification of Anorexia Through Specific Steroids 

Specific chemical steroid derivatives such as megestrol ace- 
tate 12, " ,2< are being investigated in the clinical setting to improve 
appetite in the cachectic patient. Megestrol acetate (17a~ace- 
tyloxy-6-methyl-4,6-pregnandiene-3,20-dione) is a synthetic, 
well-tolerated, orally active progestogen which has been found, 
in several clinical trials (including appropriate placebo-controlled, 
double-blinded trials) to enhance appetite, increase food intake, 
cause body weight gain, and improve the sense of well-being in 
a number of cachectic patients with cancer l7xm and HIV infec- 
tion. 12 1,1 32,124 The doses of megestrol acetate administered have 
been from 160 to 1,600 mg/24 h with a dose-response effect and 
an apparent plateau between 800 and 1,280 mg/24 h; although 
800 mg/24 h appeared to be more effective than lower doses, 
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Loprinzi et al. found considerable appetite stimulation at the lower 
dose ( 160 rag/24 h) relative to the placebo. 125 In fact, Kornblith 
et al." 6 reported a significant relationship between severity of 
side effects and increasing doses of megestroi acetate with better 
physical functioning, less psychological stress and overall im- 
provement at 3 mo with 160 and 800 mg/24 hr relative to die 
1600 mg/24 hr dose. 126 The effectiveness of low doses of meges- 
troi acetate is an important factor considering the cost of long- 
term treatments with the steroid. 

Because megestroi acetate is a progesterone derivative (with 
glucocorticoid activity), its potential effects on the endocrine 
system during long-term administration remain to be clarified. 
Recent clinical data show that prolonged administration of meg- 
estroi acetate can induce secondary adrenal suppression and 
adrenal insufficiency, 127 or Cushing's syndrome.™ The long- 
term pharmacokinetics and drug interactions, as well as the 
action mechanism(s) of megestroi acetate on anorexia/ 
cachexia, also require characterization. Present evidence sug- 
gests that megestroi acetate-induced stimulation of appetite may 
involve neuropeptide Y (a potent feeding-stimulating sub- 
stance) 129 and modulation of calcium channels in the ventrome- 
dial hypothalamus, 130 while the body weight gain is attributable 
to a gain in fat mass. 121 Megestroi acetate may also inhibit 
cytokine production and counteract cytokine-induced anorexia. 

Lipopolysaccharide- or inter leukin- 1 -induced anorexia and 
other actions are attenuated by the pretreatrnent with corticoste- 
roids (e.g., methylprcdnisolone, dexamethasone) 19 - 0 and other 
steroids. The effect of corticosteroids, however, seems to be 
short term. In cancer patients, short-term treatment with dexa- 
methasone, methylprednisolone or prednisolone is associated 
with significant appetite enhancement, food intake increase and 
improvement in the feeling of well-being. Based on these clini- 
cal trials, corticosteroids are being proposed as palliative ther- 
apy in terminal cancer patients. * 32 Corticosteroids are also 
useful as appetite enhancers in patients with asthenia. However, 
because of the broad metabolic effects, antiinflammatory and 
immunosuppressive, and neurological actions of these com- 
pounds, their potential therapeutic application for anorexia dur- 
ing disease is limited. 

CONCLUSIONS 

Anorexia is a consistent clinical manifestation during acute 
and chronic disease. Depending on the timing and duration, 
anorexia can be beneficial or deleterious to an organism. Long- 
term anorexia is associated with cachexia (anorexia-cachexia 
syndrome), a multifactorial process. Research focuses on po- 
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tential interventions to modify anorexia during disease and the 
anorexia-cachexia syndrome. At present, clinical approaches 
have been directed toward improving the quality of life of 
patients with anorexia-cachexia syndrome. Because there is no 
effective treatment for this syndrome, clinical approaches vary 
considerably. When possible, the treatment of an underlying 
tumor appears to be the best general approach to reversing the 
state of cancer-associated anorexia. Nutritional modifications 
and the use of specific steroids (such as megestroi acetate) are 
being tested in the clinical setting. Pharmacological approaches 
also differ widely depending on clinical experience, effective- 
ness with long-term treatment, route of administration, side 
effects and cost. For example, metoclopramide (a benzamide 
dopaminergic antagonist with important antiemetic uses) is rec- 
ommended by some investigators as a first-line approach to 
improve anorexia in patients with anorexia-cachexia syndrome, 
in particular for patients with cancer associated with delayed 
gastric emptying and gastroparesis. 133 The long-term effective- 
ness and toxicity of other compounds with appetite- and weight- 
enhancing effects such as cyproheptadine (with antihistamine 
and antiserotonergic properties), hydrazine sulfate, dronabinol, 
nandroione propionate, cannabinoids and hormones (e.g., 
growth hormone, somatostatin and insulin) is also being inves- 
tigated for their potential applicability in patients with anorexia/ 
cachexia. 134 * 135 Other compounds that inhibit cytokine produc- 
tion, such as pentoxifylline and thalidomide, have also been 
proposed to have application in cachectic disorders. Pentoxifyl- 
line has various immunomodulatory activities 136 and inhibits 
tumor necrosis factor-ar production in patients with advanced 
cancer 137 and human immunodeficiency virus infection. 138 
Based on these actions, the use of pentoxifylline in cachectic 
disorders l3^,,39 has been proposed; however, the clinical use- 
fulness of pentoxifylline therapy remains to be determined since 
an uncontrolled pilot study in five patients with human immuno- 
deficiency virus infection-associated cachexia did not show that 
pentoxifylline clearly benefited these patients. 140 Thalidomide 
has also been shown to inhibit tumor necrosis factor-** synthe- 
sis 141 and to suppress the activation of latent (and replication 
of) human immunodeficiency virus type 1; ,4J however, the 
application of thalidomide to improve the patient's well-being 
and reduce the cachexia of the immunocompromised host re- 
mains to be determined. 

In conclusion, understanding the mechanisms of anorexia 
during disease is critical in developing interventions aimed at 
the control of anorexia and other neurological manifestations 
(during a critical time in a specific disease), and in devising 
less toxic immunotherapeutic regimens using cytokines. 
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NOTE ADDED IN PROOF: 
The obese gene product, leptin, has been proposed to be an 
important regulatory signal for the control of feeding and body 
weight. 142 * 14 * The leptin receptor 144 is most related to glycopro- 
tein 130, a common signal transducer among receptors for 
members of the interleukin-6 subfamily (e.g., interleukin-6, cili- 
ary neurotrophic factor and leukemia inhibitory factor) which 
induce anorexia 50 '' 45 and have been proposed to participate in 
the induction and/or progression of cachexia. 73 ' 78 This evidence 
suggests a potential mechanism that may be involved in the 
regulation of feeding during physiological as well as pathophys- 
iological conditions. It remains to be determined whether glyco- 
protein 130 and related molecules may represent a link, or 
unified mechanism, or final common pathway associated with 
feeding control in health and disease. 



Recent evidence on blockage and reversal of IL-lj3-induced 
anorexia by neuropeptide Y 146 suggest the importance in study- 
ing cytokine-peptide interactions in the regulation of feeding 
behavior. Understanding these endogenous interactions may 
produce strategies with potential therapeutic implications for 
chronic diseases associated with the anorexia/cachexia syn- 
drome. Cytokine-cytokine interactions are also relevant to an- 
orexia. Estimated pathophysiological concentrations of cyto- 
kines (e.g., interleukin-i/?, tumor necrosis factor-a and/or in- 
terleukin-8) in the cerebrospinal fluid act centrally and 
additively or synergistically to decrease feeding. 147 Feeding in- 
hibition by cytokine interactions may participate in disease- and 
immunotherapy- associated anorexia. This interactive model of 
cytokine-induced anorexia is consistent with the multicytokine 
interaction that occurs during activation of the immune system. 



Part I appeared in Nutrition 1995; 11:39. 
Part in will appear in an upcoming issue of Nutrition, 



